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GENERAL NQI.ES.
Analytical and spectral data
Melting points were determined on a Kofler micro hot 
stage using standardized thermometers.
Microanalyses were performed by the Microanalytical 
service, Chemistry Department, University of Surrey, 
Guildford.
A Perkin-Elmer 577 Grating Spectrophotometer was used 
for the infrared absorption spectra.
The proton resonance results were obtained from a 
Brucker WH90, 90 MMz Pulse Fourier Transform Nuclear
Magnetic Resonance Spectrophotometer.
The gas chromatography- mass spectra results in chapter 
2 were obtained using a Hewlett-Packard 5992a GC-MS, with a 
capillary inlet system 18740B. The column used was a 25 m 
CPWax 52 capillary column with an 0.32 mm internal diameter 
and 0.22 microns film thickness.
The results in chapter III were obtained using a Kratos MS 
80 mass spectrometer with a DS 90 data system. This 
instrument was coupled to a Carlo Erba Mega Gas 
Chromatograph. The column used was a 26 m CPWAX 57 with an 
internal diameter 0.22 mm and a film thickness of 0.2 
microns.
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ABSTRACT
Sorbic acid and sulphur dioxide are often used 
together, as preservatives,in many foods. Sorbic acid is 
known to undergo degradation in aqueous solutions, and this 
degradation appears to be accelerated in the presence of 
sulphur dioxide.
The interaction between sorbic acid and sulphur dioxide
is the subject of this thesis. The work is subdivided into
five chapters, as follows:
The first chapter deals with the chemistry of sorbic 
acid acid and sulphur dioxide.
The second chapter describes a study of the degradation
products of sorbic acid, in aqueous systems, in the presence
of sulphur dioxide and a possible mechanism for the 
occurrence of these products is proposed.
Chapter three deals with the preparation and
for, or against, the mechanism proposed in chapter two. It 
also gives details of syntheses attempted in order to obtain
The interaction of sorbic acid and sulphur dioxide in 
real food systems is the subject of the fourth chapter. The 
food systems studied were mayonnaise, tomato puree, orange 
juice and cottage cheese. The effect of packaging on the 
rate of degradation of sorbic acid was also investigated.
The final chapter deals with a microbiological study of
degradation of acid in order to find evidence
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two homologues of sorbic acid, 2,4-heptadienoic acid, 2,4- 
octadienoic acid. The fungicidal activity of these two 
compounds, towards selected fungi, was analysed. 4-0xobut-2- 
enoic acid, a degradation product of sorbic acid in aqueous 
systems, was also analysed as a possible fungistat.
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1.1.1 GENERAL INTRODUCTION III SORBIC ACID1
Sorbic acid (trans-trans-2,4-Hexadienoic acid (Fig 
1.1)) is a white crystalline solid first isolated in 1859 by
Its name is derived on the basis of the scientific name of 
the rowan tree, the parent plant of the Mountain Ash Sorbus
sorbic acid until the 1940"s when its antimicrobial effects 
were discovered. Now it is widely used in moist foods below 
pH 6.5 where control of bacteria, moulds and yeasts is 
essential to obtain a safe and economical storage life.
The chemical reactivity of sorbic acid is determined by 
the carboxylic group and the conjugated double bonds.
Fig. 1.1 Sorbic acid
Sorbic acid is oxidised rapidly in the presence of 
molecular oxygen or peroxide compounds. Decomposition 
products indicate that it is the double bond farthest from
the hydrolysis of the oil from unripe mountain ash b e r r i e s ^ .
Aucuparia Linne. Doebner^ in 1900 was the first to
synthesize the compound. There was little interest in
3
the carboxylic group that is oxidised^. More complete
oxidation leads to acetaldehyde, fumaric acid,
fumaraldehyde, acetic acid and polymeric products.
6
The carboxylic group of sorbic acid undergoes normal 
acid reactions forming esters, salts, amides and acid 
chlorides. The most important compound, industrially, is the 
potassium salt due to its stability and high water 
solubility. The sodium salt is less stable and not 
commercially available. Synthesis of sorbic acid was 
originally from malonic acid and crotonaldehyde in 
p y r i d i n e ^ .  This gave a 32% yield which may be improved by 
using malonic acid salts^. Commercially one of the first 
methods of manufacture was by the reaction of ketene on 
crotonaldehyde in the presence of boron trifluoride in ether 
at 0° C.6>7 Thg lactone shown below (figl.2) is formed which 
then reacts with acid to yield 70% sorbic acid.
Figure 1.2 Intermediate lactone in the manufacture of sorbic 
acid
A modification of this route is now widely used.
The extremely low toxicity of sorbic acid makes it a 
very desirable food preservative. The oral lethal dose in 
rats is lOg/Kg compared with 5g/Kg for sodium c h l o r i d e . ® >9 
Sorbic acid in humans is metabolised to carbon dioxide 
and water in the same way as any other fatty a c i d .
o
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Because of its favourable toxicological and physiological 
aspects the World Health Organization have allowed it the 
highest acceptable daily intake of all food preservatives
i.e 25 mg/Kg body weight.H
Since the 1940's when sorbic acid was found to exhibit 
microbial activity, it has been shown, with its salts to be 
effective against a wide range of yeasts, molds and 
bacteria.12-16 bacterial inhibitors, sorbates are least 
effective against lactic acid bacteria.
The inhibitory action of sorbates is due to the 
undissociated molecule and is very dependent on pH. The top 
limit for activity is 6.5. Although many hypotheses have 
been put forward the exact mechanism for microbial 
inhibition has not yet been fully elucidated. Studies have 
shown that sorbic acid inhibits transport of the
carbohydrates into yeast cells, inhibits oxidative and 
fermentative assimilation and uncouples oxidative 
phosphorylation in a variety of bacteria.17-20
All these studies have been carried out in a variety of 
conditions, and although all may be valid under certain 
conditions, no single mechanism accounts for the overall 
activity of sorbates. It is more likely that microbial
inhibition is a result of a combination of events which vary 
from one organism to another and one set of conditions to 
another.
To date there are no indications that microorganisms
can develop resistance to sorbates . But there is a
variation of sensitivity by different organisms and even
8
between different strains of the same species.1
Sorbates are now widely used in foods. Typical examples 
are margarine, dried fruits, fruit juices, cheeses (natural 
and processed), fish products, jams and jellies.
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1.1.2 SORBIC, ACID. IR AQUEOUS SOLUTIONS
Although sorbic acid is very stable in the solid state 
it is known to be unstable with respect to oxidative 
degradation in aqueous solutions. One of the first studies 
carried out was done by Hilde^gard and Sabatshila^l where 
they found that 90% of sorbic acid underwent decomposition 
over one year at room temperature. They stated that the 
main degradation products were acrolein (2-Propenal), 
crotonaldehyde (2-Butenal) and malonaldehyde (3-oxo- 
propenal). The rate of decomposition was inhibited by propyl 
gallate and accelerated by light.
Note that if this were the case crotonaldehyde would be 
one of the main degradation products and would therefore 
suggest a breakage of the C-l, C-2 double bond (fig 1.3)
Figure 1.3 Suggested breakage of sorbic acid proposed by 
Hilde^gard & Sabatshila.
In the autoxidation of conjugated olefins the oxygen 
generally adds 1,4- to the diene system. Polymeric 
peroxides are formed which often have been reduced and 
hydrogenated to 1,4-diols. Carbon to carbon linked polymers 
are formed in the early stages of autoxidation and are 
responsible for decrease in refractive index and increase in 
viscosity and molecular weight.
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Non peroxidic oxygen links have been observed in the 
early stages of oxidation.
The autoxidation of ethyl sorbate was studied by Voltz 
and Rigg.22 They investigated the autoxidation at various 
temperatures (30, 45, 60, 75 and 90°C)by means of changes in 
dielectric constant. In most autoxidations studied the 
dielectric constant increased with viscosity, refractive 
index, specific gravity and molecular weight.
These authors noted that the autoxidation of ethyl 
sorbate was accelerated by radical catalysts (e.g. benzoyl 
peroxide) and retarded by free radical inhibitors (e.g.
2,5-di-t-butylhydroquinone) and proposed three possible 
mechanisms by which initial oxygen attack could occur (fig. 
1.4). These may be identified as 1,2-, 3,4- and 1,4-
addition.
During their experiments one of the primary products 
they isolated was acetaldehyde and increased quantities were 
obtained at higher temperatures. No aldehydes or ketones 
could be detected at the lower temperatures studied. Since 
the main products of the 1,2- and 3,4-addition are aldehydes 
and ketones, they concluded that the 1,4-addition mechanism 
was predominant at low temperatures with the 3,4-addition 
becoming increasingly important at higher temperatures. No 
experimental evidence to indicate any 1,2-addition was 
found. These results are in agreement with those obtained by 
H e i n a n e n 2 3  where in a study of the autoxidation of methyl 
sorbate in benzene, this author found that the main product 
was a 1,4-cyclic peroxide and other products included acetic
11
CH3CH=CHCH=CHC00C2H5
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-CH=CHCHCH-
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Fig. 1.4 Possible Mechanism of Initial Oxygen Attack, which 
can be identified as 1,2-, 1,4-, and 3,4- addition, as
suggested by Voltz and Rigg22.
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acid and the methyl ester of fumaraldehydic acid, the former 
from 1,4-addition and the latter from 3,4-addition.
The peroxide formed from 1,4-addition is a six membered 
ring and more stable towards decomposition than the four 
membered ring formed from 3,4-addition.
It is worth noting that the presence of such a large 
number of unsaturated products in the reaction mixture leads 
to various secondary reactions.
A further study of the degradation of sorbic acid in 
aqueous media was done by P e k k a r i n e n .24 This study 
included;
a) Measurement of oxygen consumption,
b) Gas chromatographic studies of the oxidation products and 
of their methyl esters,
c) T.L.C on the 2,4-dinitrophenylhydrazones of the 
degradation products.
The results from all this showed that 76% of the acid 
degraded combined in a 1:1 molar ratio with oxygen and 24% 
combined in a 2:1 ratio (Secondary oxidation is
disregarded).
The results also showed that 43% of the sorbic acid 
oxidised yields acetaldehyde. At the same time a product 
that was thought to be fumaraldehydic acid (4-oxo-trans-2- 
butenoic acid) formed at the same rate as acetaldehyde. In 
view of carbonyls found, other carbonyls are only present in 
small quantities. A small amount of malonaldehyde was 
present which might have been formed by decarbonylation of
13
fumaraldehydic acid. Another possibility could be 
decomposition and oxidation of polymeric reaction products.
All evidence suggests that oxygen adds to the C-3, C-4 
carbons. No addition occurs at the C-l, C-2 bond leading to 
formation of crotonaldehyde, although 1,4-addition as 
suggested by H e i n a n e n ^ S  and Voltz and Rigg22 is feasible.
The mechanism proposed in this study is the formation 
of a biradical species with attack at the C-3, C-4 carbon 
atoms (Fig. 1.5) as suggested by Voltz and Rigg.22
CH3 .CH-CH.CH=CH.COOH
i ’
0
I
o.
Figure 1.5 Biradical species suggested by Voltz and Rigg.22
Therefore the oxidation of sorbic acid in aqueous media 
exhibits features typical of radical reactions. In addition 
the reaction is catalysed by acids and either accelerated or 
retarded by metal salts and retarded by the chloride ion.
Looking at oxygen consumption there must be species 
that have taken up less oxygen than the biradical S00. . 
(where S= sorbic acid.). These are probably polymeric 
species about which little is known.
1.1.3 SORBIC. ACID, INTERACTION WITH OTHER SPECIES
Sorbic acid is often added to food in conjunction with 
other food preservatives. The interaction between one food
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preservative and another, and food preservatives with food 
constituents, is very important from the food aspect, taste, 
odour and general quality. The addition of sodium nitrite to 
bacon, to give the desirable colour and taste, is known to 
interact with amines present in the bacon to yield the 
carcinogenic nitrosamines.25 These are mainly found in the 
fat and their optimum temperature for formation is around 
the temperature of frying bacon.
a) Sorbic acid ints-ractiQn with nitrite.
Sorbic acid sometimes coexists with nitrite either 
added as a preservative or naturally occurring in foods. The 
development of mutagenicity by the reaction of sorbic acid 
and nitrite caused a lot of interest in the reaction 
products. 26-30 «phe reaction is depicted in fig. 1.6.
Ethyl nitrolic acid (7) and 1,4-dinitro-2-methylpyrrole 
(8) were identified as the main mutagenic products along 
with other reaction products, such as (6) and (9), from the 
reaction mixture of sorbic acid and nitrite.
In the case of (8), the conjugated C-nitro group was 
assumed to be essential for mutagenicity, since the 
mutagenicity completely disappeared on treatment with
ascorbic acid, when the C-4 nitro group was reduced to a C- 
4 amino group.30
It was shown that the conjugated carbonyl group was 
essential for mutagen formation in aqueous systems. Food
components which contain a simple double bond, c^ji-unsaturated
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carbonyl compounds and polyene systems did not yield any 
mutagenic products. Sorbic acid has been shown to
reduce N-nitrosamines in both phases of a protein based 
model system containing a 20% non aqueous phase.31
CH3-CH=CH-CH=CH-COOR + NaN02
1;R=H
2.; R=Me
(CH3-CH-CH-CH=CH-COOR)
I I
n o 2no 2.;R=h
l;R=Me
CH3-C=CH-CH=CH-C00R
I
N02 5.; R=Me
CH3-C-N02
I
N CH3
I
OH
ch3-ch-c-ch=ch-coor
I I
n o2n
I £;R=H 
(OH)
•N02 CH3-C— C-CH=CH-C00H
n i
N N
I /\/
N02 0 0
a
Figure 1.6 Proposed pathway for the reaction of sorbic acid 
and sodium nitrite.
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b) Trace metal i o m
Aryans? a stucjy on the effect of trace metal ions
on the stability of sorbic acid in aqueous media. The 
results were as follows;
Rate const.
Kcbs x 1000,hr"^
2.10 ± 0.05
0.12 + 0.02
0.08 ± 0.01
0.07 + 0.01
2.15 + 0.05
2.08 + 0.06
0.09 ± 0.02
The catalysis by metals in the autoxidation of organic 
substances was reviewed by Ingold.33 Trace metal ions, 
especially those that possess two or more valency states 
with suitable oxidation-reduction potential between them, 
can react with hydroperoxides to yield radicals which would 
accelerate the rate of chain propagation.
When the metal is acting as a reductant,
Mn+ + ROOH — »■ M(n+1)+ + RO. + OH" (1)
Metal ion 
Mn+
SA
SA + Fe2+
SA + Cu 2+
SA + Mn2+
SA + Ni2+
SA + Zn2+
SA + Propyl Gallate (0.01%)
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or oxidant,
M(n+1)+ + ROOH — > Mn+ + R00. + H+ (2)
Some metals can act both as oxidant and reductants and 
therefore act as catalysts for peroxide decomposition.
Sometimes the metal ion may act as a direct initiator, 
particularly below 100 °C, the above reactions (1) and (2) 
are more important.
M (n+1)+ + rh — > Mn+ + R. + H+ (3)
M»+ + 02 [Mfn+D+Og],— ^  radicals (4)
Generally the catalytic effect of metal ion catalysis 
reaches a steady value at quite low concentrations of the 
metal.
Inhibition of free radical chain reactions by metal 
ions has also been suggested by reactions such as;
R02 + M(n+1)+ — » Mn+ + R+ + 02 (5)
RO + Mn+ — > M(n+1)+ + R0- (6)
R02 + M+ — > M(n+1)+ + R02- (7)
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RO + M(n+1)+ —  ^Mn+ + rq+ (8)
and also by the formation of stable metal ion radical 
complexes.
In the case of sorbic acid the rate drop may be 
explained by the formation of stable complexes formed 
between radicals from the substrate and metal ions present 
in foods, although there is no evidence for the presence of 
such complexes.
c) Other factors that, influence the rate, ef degradation
Organic acids have been shown to increase the rate of 
degradation. Levels of sugars present in foods decrease the 
rate of degradation. Amino acids enhance the rate, and 
salt6 have varying effects on the rate depending on their 
nature.^ 2 The reasons for these observations are not fully 
understood.
From the foregoing discussion it is obvious that a 
number of factors such as pH, temperature, light, trace 
metal ions, salts, amino acids and a variety of other 
substances, either added or naturally occurring in foods, 
have a profound effect on the degradation of sorbic acid.
19
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1.2.1 INTRODUCTION IQ SULPHUR DIOXIDE34
Sulphur dioxide is one of the oldest and most widely- 
used of all food preservatives. Quantities of sulphur 
dioxide added to food vary from 50,000 parts per million 
(ppm) added to beer fining to 50-70 ppm added to soft 
drinks.
It is added to food to control microbial spoilage as 
well as enzymic and non enzymic browning. Its ability to 
act in a variety of ways is due to the wide range of 
chemical reactions of all the sulphite species with 
components in food.
Levels of sulphur dioxide are usually specified in 
parts per million of SO2 although it is often not added as 
sulphur dioxide itself but rather as one of its salts. These 
could be sodium sulphite, sodium metabisulphite, sodium 
hydrogen sulphite, calcium hydrogen sulphite or potassium 
metabisulphite. The form that sulphur dioxide might take in 
food is also very dependent on pH and concentration. For 
example;
predominating species 
SO2, H2SO3 
HSO3- 
S032-
At concentrations above 0.1M the metabisulphite ion (S20§“) 
is formed in significant amounts.
pH 
< 1 
2-5 
> 5
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Amounts of sulphur dioxide present are usually 
determined by the Monier-Williams^S method or a variation of 
it. The analysis is carried out in acid solution so that all 
the species are converted to SO2 and H^Og and may 
quantitatively be recovered on boiling by trapping in 
hydrogen peroxide, iodine or reagents for colorimetric 
analysis.
Sulphite species will undergo reactions with food 
components to form both stable products and labile 
complexes. Although the M o n i e r - W i l l i a m s ^  method will 
determine 'free' sulphite species as well as sulphur dioxide 
bound to labile complexes the latter will affect the amount 
of free sulphite species towards preservation in food in the 
same way as if it had formed stable products. This is 
because the effective form of sulphur dioxide as an 
antimicrobial agent and enzymic and non enzymic browning 
agent is due to the molecular form of sulphur dioxide or the 
'free' sulphite species. All other forms show no activity at 
all.36
Therefore the factors affecting the suitable chemical 
form of sulphur dioxide are important to understand. These 
may be divided into reversible and non reversible reactions.
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1.2.2 REACTIONS QE S.PLEHPE DIOXIDE Hi FOODS.
Sulphite and hydrogen sulphite ions are good 
nucleophiles and will attack a position bearing a positive 
or partially positive charge or take place in nucleophilic 
displacements. All known heterolytic reactions involving 
sulphite species fall into this category although homolytic 
reactions are also possible.
a) Reversible addition reactions.
The best known of sulphite reactions in foods is that 
which takes place with carbonyl groups of aldehydes and 
ketones to form hydroxysulphonates. The mechanism may 
generally be expressed as;
R R R
r\\ I , I
HSO3 *C=0 ^  HO3S-C-O 5r* -O3S-C-OH
H H H
*y
Fig. 1.7 Formation of hydrc^sulphonates species through 
nucleophilic attack by sulphite species on a carbonyl group.
Aldoses such as glucose form the weakest complexes,
possibly because the carbonyl is also participating in the 
cyclic formation of the carbohydrate structure (fig 1.8). 
The position of the equilibrium is very dependent on pH; 
being most stable between pH 2-5 and unstable outside this
22
range. Not all sugars bind to sulphite to the same extent.
following decreasing order;
Arabinose > Glucose > Maltose > Lactose > Fructose > 
Saccharose
The extent of hydroxysulphonate formation in wine is 
considerable i.e. Of the 400 p.p.m of sulphur dioxide added 
well over 75% may be present in the form of 
hydroxysulphonates.38
At this point it is interesting to note that some of 
the most stable adducts are formed with simple aldehydes 
such as acetaldehyde (dissociation constant 10"^M ).
Studies^? have indicated that sulphite is bound in the
OH
H -C ------
I
H -C —OH
H-C=0
I
H -C -O H
HO -C-H4
H -C -O H
I
H O -C -H  O —1 H O -C -H  -h NaHSO -  
i ' l 3
f  H O -C -H
I
H -C -O H
I
H-C
1
H -C -O H H -C -O H
I 
H -C -O H H -C -O H
Figure 1.8 Sulphite interaction with glucose
23
The extent of sulphur dioxide binding may best be 
appreciated by reference to its interaction with 
acetaldehyde. Of 192 ppm sulphur dioxide added to a very 
dilute aqueous solution of acetaldehyde (0.132%), the amount 
of 'free' sulphur dioxide after a short while is 2 ppm and 
the amount bound is 190 ppm.39
During the browning of ascorbic acid sulphur dioxide 
is known to interact with reactive intermediates (Fig. 1.9) 
and part of its action as a browning inhibitor is due to its 
ability to effectively remove these intermediates.40-41
CHO
I
CO
I
C h U
I
CHOH
L
C H2OH 
(I)
CHO
I
CO
CHOH
I
CHOH
I
c h 2o h
(2)
Fig. 1.9 Reactive intermediates formed during the
browning of ascorbic acid 1) 4,5-dihydroxy-2-oxo-pentanal
found in the absence of air; 2) 3,4,5-trihydroxy-2-oxo-
pentanal found in the presence of air.
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Although in aromatic complexes it is normally the pi 
electrons that determine the reactivity, and reactions 
usually proceed via electrophilic attack, if strongly 
electron withdrawing groups are present the system may be 
susceptible to nucleophilic attack. Anionic alpha complexes 
(Meisenheimer complexes) formed as the first stage of 
nucleophilic substitution have been identified for a variety 
of nucleophiles including sulphite.42 Anthocyanins when 
present as the flavylium cation form very stable compounds 
with sulphite s p e c i e s . 43 (Fig.1.10)
Fig 1.10 Suggested mechanism for the addition of sulphite to 
cyanidin-3-rutinose to form a colourless complex.
Bleaching of anthocyanins is also well known in 
sulphited drinks, which lose their natural colour.
OH
OH OH
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b) Non reversible reactions of. sulphur dioxide
It is thought that since most foods contain significant 
amounts of protein, sulphur dioxide may be lost irreversibly 
due to reaction with disulphide groups.
Fig. 1.11 Nucleophilic attack by sulphite ion on a disulphide bond
The reaction takes place by an Sn2 reaction with 
formation of thiosulphonic acid and thiol.
Some enzymes may also be inactivated by attack of the 
sulphite on the disulphide links of their secondary and 
tertiary structures. Damage to structural proteins in the 
microbial cells could also be part of the antimicrobial 
effect of sulphur dioxide.
If HSO3 is added to polarised double bonds, addition 
would be similar to that with carbonyl groups of aldehydes 
and ketones except that the reaction would not be 
reversible. In foods this interaction has not been seen but 
it may be possible that carbohydrate degradation products 
may dehydrate to unsaturated compounds and react this way 
with sulphite.
The formation of stable sulphonic acids during the
3 /
R.
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inhibition of non enzymic browning is an example of this 
addition reaction.
The mechanism is either Sn2 where the -OH is made 
labile by the keto-enol rearrangement or it involves a 
dehydration step followed by addition across a carbon-carbon 
double bond.
The above reaction together with the sulphonation of 
compounds such as 4,5,6-trihydroxy-2-oxohexanal, which is 
an intermediate in the Maillard reaction, are important in 
the prevention of non enzymic browning. The presence of such 
sulphonated products have been shown in cabbage and swede 
but not in wine.44
In the inhibition of enzymic browning of the 
phenoloxidase type, sulphite species can produce two 
effects;
1) inactivates enzymes which initiate oxidation and,
2) interrupt subsequent reactions.
Fig. 1.12 Suggested sulphonation of oxidised 3,4- 
dihydroxyphenyl-alanine
o O H
H 2'
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For example, in potatoes tyrosine is oxidised to 3,4- 
dihydroxyphenylalanine and the subsequent oxidation to 
quinone yields intermediates capable of undergoing oxidation 
to melanin. The action of sulphite involves reaction with 
the quinone species reducing the rate of colour development 
as shown in fig 1.12.45
1.2.3 OTHER REAC.TI.QliS- QE SULPHUR DIOXIDE
a) Unsaturated carbonyl compounds
Reaction between sulphite and oc^-unsaturated aldehydes 
and ketones yields either the normal 1,2-addition product 
(hydroxysulphonic acid) or the 1,4-addition product 
(sulphonic acid) or both depending on the reaction 
conditions. The rate of addition of bisulphite to the 
carbonyl is significantly faster than to the double bond in 
most cases, but prolonged reaction may yield the more slowly 
formed sulphonic acid p r o d u c t . 46 , 47
A study of bisulphite and acrolein showed that at pH 
values below 5 bisulphite reacted rapidly with acrolein to 
yield sodium l-hydroxy-2-propene-l-sulphonate,48
H
I
CH2=CH-C=0 + NaSC>3
This product adds another bisulphite but at a much
/0H
CH2=CH-CH (9)
SOaNa
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slower rate to yield 1-hydroxy-1,3-propane disulphonate.
b) Reaction with alkenes
Bisulphite ion reacts with olefins in solution to give 
sulphonic acids49>50
^ - C H = C H 2 + HSO3 — ■» Q - C H - C H 3 (10)
SO3
Styrene C(.-Phenyl ethane sulphonate
Kharash, May and Mayo51>52 reported that bisulphite
\
addition exhibited a marked dependence on the oxygen 
concentration of the system. They proposed a free radical 
mechanism as follows;
Initiation step: S0§” + OH — > SO3 + 0H“ (11)
Propagation step: SO3 + R-CH=CH2 — > R-CH-CH2S03 (12)
R-CH-CH2S03 + HSO3 — » R-CH2CH2S03 + SO3 (13)
There is evidence for the formation of significant
n wamounts of side products such as p-hydrcjsulphonates in the 
reaction with styrene with oxidising sulphite systems.53 
Addition of carbonyl conjugated systems appear to follow 
simple Michael addition; oxygen has no effect on this 
reaction.54,55
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(14)
(15)
1.2.4 SULPHUR DIOXIDE IE FOODS
The total amount of sulphur dioxide 'boundr in food 
depends on the pH of the system, the amount of sulphite 
added, the concentration of the various sulphite binding 
species and the relative binding power of these species. A 
typical example is given (table 1) for cider.
From table 1 it may be appreciated that sulphur 
dioxide is bound to many components. This is true for most 
foods. Variations occur due to handling, storage, processing 
and growing.
The sulphur dioxide binding power of some foods can 
sometimes be greater than predicted. This was found with 
some samples of citrus j u i c e s .  5(3 a study of this concluded 
that this increase in sulphite binding occurred during the 
heating of the juices where the sugar or the pectin became 
active carbonyl compounds. This increase of sulphur dioxide 
binding capacity may be avoided in fruit juices by keeping 
temperatures below 30°C during processing and storage.
0 0 
II 2 - i
CH2=CH-C-0-R + S0§- ---- > -O3S-CH2-CH-C-OR
slow
0 0 
-  II H gO * II
-O3S-CH2CH-C-OR fast "O3S-CH2CH2C-OR
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Table 1. SO2 binding power and dissociation constants for cider.a
Component cone % 
range in 
ciders
dissociation
constant
SO2 binding 
power (ppm 
SO 2 bound)
Glucose 0.0-1.8 6.4X10"1 0-8
Xylose 0.0-0.05 6.9x10-2 0-2
L-Xylosone 0.0-0.02 2.1x10-3 0-23
Pyruvic acid 0.0-0.02 4xl0~4 0-96
flf-Ketoglutaric acid 0.0-0.003 8.8xl0-4 0-6
Monogalacturonic acid 0.01-0.20 3x10-2 1-16
Trigalacturonic acid 0.01-0.20 3.7x10-2 0-15
Acetaldehyde 0.002-0.01 5x10“® 29-145
aHesults adapted from L.F. Burroughs & G.C. Whiting Ann. Rept.
Agric. Hort. Res. Sta. Long Ashton, Bristol (1960), 144.
Other effects may affect the amount of sulphur dioxide
"bound' in food and beverages, for example, if sugar is
added. But this would be easily recognized, whereas other 
sulphur binding species may not. Gum arabic hydrolysate 
contains arabinose, a sulphite binding sugar.57
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1.3.1 SQRBIC ACID I^ TEBACUflli HUH SULPHUR DIOXIDE
Heintze^in his study on the interaction of sulphur
dioxide and sorbic acid showed that sulphur dioxide did 
increase the rate of degradation of sorbic acid. He 
suggested that the species shown below might be an 
intermediate but went no further.
and found that sorbic acid was completely degraded, in 8 
days, when sulphur dioxide was present in a mole excess over 
it. Degradation took about 30 days when sorbic acid was in a 
mole excess over sulphur dioxide.
The rate of degradation of sorbic acid is partly 
controlled by the acidity of the system, and partly by the 
presence of sulphur dioxide. Light has a marked effect on 
the rate of degradation at pH values of 2.6. Solutions at 
this pH left in the dark hardly degrade 20% in 35 days. At 
very low pH values (i.e 1.2) severe degradation occurs 
whether exposed to light or not.
Coupled gas chromatography-mass spectra (GC-MS) on the
r
degradation products of sorbic acid identified two compounds 
present as oC -angelica lactone and 2-methyl-5-acetylfuran.
c h l c h - c h 2 c h = c h  c o o h
Figure 1.13 Species suggested by Heintze^®
Saxby et al.^9 did a further study of this interaction,
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These are 5 and 7 carbon moieties and account exactly for 
two molecules of sorbic acid.
The volatile compounds account for less than 1% of the 
reaction products. The mechanism of formation and the 
catalysis of sulphur dioxide remained unknown.
1.3.2 SORBIC M I R  M R  SULPHUR DIOXIDE 1R FOODS
Sorbic acid is present in a wide variety of foods in 
conjunction with sulphur dioxide. The foods range from soft 
drinks to jams and from pickles to salad cream. In aqueous 
model systems sulphur dioxide is known to enhance the rate 
of degradation of sorbic acid but what of real food systems?
Crowell and Guymon^O studied wine, treated with sorbic 
acid and sulphur dioxide, which exhibited a 'geranium-like' 
off odour.
They identified 2-ethoxyhexa-3,5-diene, a very volatile 
ether, as the cause for the off odour due to lactic 
bacterial spoilage of sorbic acid. The ether is formed by 
anisotropic rearrangement of 2 ,4-h.exadien-l-ol, which was 
first thought to cause the off odour. The reaction pathway 
is believed to be as depicted below. Sorbic acid is lost 
from prunes during the first two days of storage with a 
gradual rate loss depending on storage conditions, time, 
temperature, prune moisture and sorbic acid content. It was 
suggested^ that the loss was chemical and not microbial and 
not first order.
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EtOH, H+
SORBIC ACID  » ETHYL SORBATE
(2,4-Hexadienoic acid)
Lactic 
bacteria
EtOH
SORBYL ALCOHOL -------------------- » ETHYL SORBYL ETHER
(2,4-Hexadien-l-ol)
EtOH
-------:----- > 2-ETHOXYHEXA-3,5-DIENE
(Geranium like odour)
Fig 1.13 Possible reaction pathway for the formation of 2- 
ethoxy-3,5-diene which yields a 'Geranium-like' off odour in 
wine.
Studies carried out by Saxby et al.®3 found that sorbic 
acid in the presence of sulphur dioxide was much more stable 
in orange drink and wine than in model systems. The rate of 
Its degradation in orange drink at pH 2.9 was unaffected by 
light and hardly degraded at all over 90 days. The same was 
true of wine. Sorbic acid levels dropped by about half (355 
ppm to 185 ppm) in the first two months, for orange juice, 
and then degraded very little over the following six months 
(185 ppm to 160 ppm). The reason for this increased 
stability was not further researched and will be discussed 
in a later chapter.
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Rearrangement
H+
v
3,5-HEXADIEN-2-0L ---
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II.1 INTRODUCTION
Sorbic acid, is a widely used food preservative and 
often used in conjunction with sulphur dioxide in, for 
example, fruit squashes, jams, wines and cheeses.1
In aqueous systems, the degradation of sorbic acid was 
found to be accelerated by the presence of sulphur 
d i o x i d e , 2 ~ 5  and especially if the latter is in a molar 
excess over sorbic acid. Sorbic acid was found to be
completely degraded in about 8 days when sulphur dioxide was 
present in a slight molar excess. In the reverse case, when 
sorbic acid was present in a slight molar excess, 
85% of sorbic acid degraded in a period of 30 days.
The rate of degradation of sorbic acid is partly 
controlled by the acidity of the solution and partly by the 
presence of sulphur dioxide. Light also plays an important 
role in the degradation of sorbic acid. In the absence of, 
light, solutions of sorbic acid and sulphur dioxide 
containing a molar excess of sorbic acid hardly degrade at
all over a 30 day p e r i o d . 2
The degradation products of sorbic acid, in aqueous
solutions where sulphur dioxide is also present, are not 
known. Studies of the volatile compounds after degradation 
showed the presence of alpha angelica lactone and 2-methyl-
5-acetylfuran. But these only account for less than 1% of 
the total degraded acid.2 The remainder of the products are 
non-volatile and remain unknown.
The mechanism of degradation of sorbic acid in aqueous
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media in the presence of sulphur dioxide also remains 
unknown. Does sulphur dioxide act only as a calalyst or does 
it form stable compounds with the decomposing sorbic acid ? 
Is it a free radical reaction as in the case of sorbic acid 
in an aqueous solution in the absence of sulphur dioxide ?
The aim of this study was the identification of the 
degradation products of sorbic acid, in the presence of 
sulphur dioxide in aqueous solutions, in order to propose a 
mechanism for this degradation.
Knowledge of the degradation products is especially 
important from the food manufacturers' view. With the ever 
increasing restriction on food additives, it is vital that 
additives which are allowed, do not change , or degrade, 
once added to the food, to unknown compounds which could be 
toxic or have no preservative qualities.
The rate of degradation of sorbic acid was followed by
H.P.L.C. (High performance liquid chromatography). A 
radical chain stopper was added to the solution of sorbic 
acid, containing sulphur dioxide, to see what effect, if 
any, it had upon degradation time. The degraded solution 
was methylated with diazomethane, it was then analysed by 
coupled gas chromatography-mass spectra. The main components 
of the degraded solution were then synthesized for positive 
identification.
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II.2 EXPERIMENTAL
11.2.1 PREPARATION OP SOLUTIONS FOR. DEGRADATION
Sorbic acid (1.5 g. , B.D.H. Chemicals) was dissolved in 
1 litre of degassed distilled water. Sulphur dioxide (B.D.H. 
Chemicals) was bubbled through 500 ml. of degassed distilled 
water for 1 minute. The sulphur dioxide content was 
determined by titration with iodine. Solutions for 
degradation were made up by mixing stock solutions of sorbic 
acid and sulphur dioxide, to give final concentrations of 1 
g/1 sorbic acid and 1.5 g/1 sulphur dioxide . The solutions 
were kept in a clear glass bottle with a screw cap. The 
bottle was placed in the degradation chamber (Figure 1) and 
sorbic acid analysed at regular intervals.
11.2.2 ANALYSIS OF SORBIC ACID
The rate of degradation of sorbic acid was followed by
H.P.L.C. (Spectra physics SP 8700) using a column (120 mm x
4.6 mm i.d.) packed with Lichrosorb RP18. The mobile phase 
was 80% <(0.1 M) ethanoic acid/ (0.1 M) sodium ethanoate in 
a ratio 1:1 (pH 4.3)> and 20% acetonitrile. A flow rate of
I.5 ml/min was used. The injection volume was 20 /Cl. 
Detection was by U.V absorbance (Cecil instruments CE 212) 
at 245 nm.
Retention times Rtg^= 3.6 min, Rtg^= 4.8 min.
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Figure 2.2. H.P.L.C. trace for 
benzoic and sorbic acid. Chart 
speed 200 mm/min.
II.2.3 MONITORING GE SULPHUR DIOXIDE DURING THE DEGRADATION QE 
SORBIC. ACID
Determination of sulphur dioxide in the degradation 
solution was carried out using the Monier-Williams^ method.
A 5 ml aliquot of solution was taken and added to an aqueous 
solution of HC1 adjusted to . pH 1 . Nitrogen was bubbled
through the solution while it was being heated. The 
nitrogen stream was passed through a neutralized solution of 
2% hydrogen peroxide, for 20 min, to trap any sulphur 
dioxide being liberated. The hydrogen peroxide solution was 
then titrated against a 0.1 M standard solution of sodium
hydroxide.^
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II.2.4 PREPARATION GE SORBIC. ACID SOLUTION EGR ANALYSIS
1 ml of the solution of degraded sorbic acid for 
analysis was placed in a 10 ml volumetric flask and 200mg/l 
internal standard benzoic acid (as 2 ml of a 1 g/1 stock 
solution) was added and the volume made up to 10 ml with 
water.
Standard solutions of 10, 20, 30, 40 and 50mg/l sorbic 
acid with added 200mg/l benzoic acid were made up freshly. 
These solutions were injected into the H.P.L.C. before and 
after the solutions were analysed. Sorbic acid concentration 
was measured as the peak height ratio of the sorbic acid to 
the benzoic acid.
II.2 .5 GAB CHROMATOGRAPHY-MASS SPECTRAL ANALYSIS QE THE 
DEGRADATION ERQDIICIB
A 10 ml aliquot of the degradation solution was taken 
to dryness and dissolved in ether A.R.. This was methylated 
and directly injected into the gc-ms.
a) Methvlation ojL degradation products
Methylation of the degradation products, was by the 
reaction of an ethereal solution of diazomethane on the 
reaction products, dissolved in ether, at 0 °C.
b) Preparation ol. diazomethane8
To p-tolylsulphonylmethylnitrosamide (2 g) in 50 ml of
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ether in a 100 ml round bottom flask was added 14 ml of 4 % 
ethanolic potassium hydroxide. The flask was immersed in a 
water bath at about 60 °C. The ethereal solution of 
diazomethane was distilled into a flask immersed in a dry 
ice acetone bath.
All products to be methylated were dissolved or 
suspended in ether at 0 °C. Diazomethane addition was
stopped when the solution turned yellow or nitrogen 
evolution ceased.
Notes
1. Unused diazomethane was neutralized with acetic acid.
2. All equipment used was free from ground glass joints.
II.2 .6 PREPARATION QE. CIS-2.TRANS-4-HEXADIENQIC ACIH9
Fe(N03)3 CHaCH
Na + NH3 > NaNH2 + Na.C5CH
Catalyst
NaCSCH + H2C-CH.CH3
V/
*H0.CH.(CH3).CH2 .CsCH
0
EtMgBr
C02
> HO. CH. (CH3) . CH2 . C3?C. C02H
H2/Pd NaOMe
t c
ch3 .ch=ch.ch=ch.co2h
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a) Preparation q£ Sodium acetylide
The apparatus was set up as shown in fig. 3. Sodium
metal (11.5 g, 0.5 moles) freshly cut into small cubes was
added to 500ml of liquid ammonia. Ferric nitrate was used as 
catalyst. 10 Once the solution turned from dark blue to grey 
0.5 g. triphenylmethane was added as indicator (the reaction 
mixture turned pink). Acetylene gas (previously freed from 
acetone by passing through two dry ice/ acetone traps
followed by a conc. sulphuric acid trap) was rapidly bubbled
though the solution (approx. 1 1/min) until the solution 
turned black by the formation of sodium acetylide (approx. 2 
hrs). More ammonia was added to make up the volume to 500 ml.
b) Preparation of. Pentnl.T-yilr-4-Ql11
A slow nitrogen stream was passed through the flask and
Propylene oxide (29 g., 0.5 moles) in 75 ml of dry ether was
added dropwise, with stirring. The reaction mixture was 
stirred for a further 3 hrs after the last addition.
Ammonium chloride (30 g) was added portionwise over 30 mins. 
The ammonia was evaporated under nitrogen and just before 
the last of the ammonia evaporated 200 ml of ether was 
added. The mixture was filtered and the solid thoroughly 
washed with ether. The volume of ether was reduced to 200 ml 
and washed with a saturated solution of sodium bisulphite.
The mixture was filtered and the solid washed with ether.
The ethereal layer was separated, dried over sodium
sulphate, and evaporated. The oil remaining was distilled at
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Figure 2.3 Apparatus used for preparation of pent-l-yn-4-ol 
and other similar preparations.
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reduced pressure under nitrogen. B.p.78 °/160 mm Hg. Yield 
12 g (28 %).I.R . max b3400 cm”1 (OH), w2120 cm"1 (CSC).
c) Carboxvlation of. pent-l-vn-4-ol12
Ethylmagnesium bromide (0.12 moles magnesium) was 
prepared in the usual way and the excess ether evaporated 
during the addition of 50 ml sodium dried benzene A.R.. This 
solution was cooled with ice and pent-l-yn-4-ol (5 g, 0.06 
moles) in benzene (25 ml) was added over 1 hr and the 
mixture refluxed over a further 2 hrs. It was then poured 
into a large excess of dry ice (150 g) and autoclaved for 60 
hrs. The resulting solution was hydrolysed with ice and a 20 
% excess of the calculated quantity of 15 % conc. sulphuric 
acid at 0 °C.
After the initial effervescence had subsided, the 
aqueous solution was separated and thoroughly extracted with 
ether. The ethereal fractions were combined and extracted 
with a saturated solution of sodium bicarbonate and the non 
acidic material was extracted with ether. The bicarbonate 
solution was then acidified with dilute hydrochloric acid 
and thoroughly extracted with ether. The ethereal solution 
was dried over magnesium sulphate, filtered, and evaporated 
to yield a yellow syrupy liquid. On standing this liquid 
solidified to a very hygroscopic solid which was sublimed at 
57°/10-4 mm Hg. The yield Has 4.64 g (60.2 %). M.p 59-60 °C. 
Microanalysis: found, C 56.46 %, H 6.28 % calc, for CqEqO^ C 
56.25 %, H 6.30 %.
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d) Preparation of cf-hexenolactone12
A solution of 5-hydroxyhex-2-yn-l-oic acid (4.20 g,
0.032 moles) in 15 ml of methanol was hydrogenated over 5 % 
palladium over charcoal catalyst (0.1 g) and the 
hydrogenation interrupted after the absorption of 660 ml of 
hydrogen (Theoretical for semihydrogenation 770 ml) . The 
catalyst was filtered off, 10 ml of benzene added and the 
methanol evaporated.
The solution was transferred to a microdistillation 
equipment. The benzene was distilled off and then the 
lactone was distilled at reduced pressure. B.p 48 °C/0.5 mm 
Hg. Yield 2.50 g (70 %) . Microanalysis: found C 64.57 %, H 
7.19 %, calc, for C6H802 , C 64.3 %, H 7.2 %.
e) Preparation af. cis-2. trans-4-hexadienoic aaid10
Hexenolactone (3.2 g, 0.029 moles) was kept in a 
solution of sodium metal (0.66 g, 0.029 moles) in methanol 
(50 ml) for 30 mins. The solvent was evaporated and the 
residue dissolved in water, extracted with ether, washed 
with sodium bicarbonate, acidified and again extracted with 
ether. The ethereal fractions were combined washed with 
water and dried over sodium sulphate. The ether was 
evaporated to yield an oil which slowly crystallized at 0 
°C. The crude oil was recrystallised from pentane by cooling 
to -70 °C yielding white fine crystals of cis-trans-sorbic 
acid. Yield 2.49 g (78 %). M.p. 35-37 °C.
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II.2.7 PREPARATION Q£ TRANS-TRANS-ETHYL SQBBA1E
Sorbic acid (11.2 g, 0.1 moles) in 15 ml of absolute 
ethanol containing 0.5 ml of conc. sulphuric acid was 
refluxed overnight.
The ethanol was evaporated, the residue dissolved in 
ether, and the solution was washed with saturated sodium 
bicarbonate solution, water and dried over sodium sulphate. 
The ether was evaporated and the crude ethyl sorbate was 
distilled at reduced pressure. B.p. 72 °C/10 mm Hg.
Microanalysis found C 68.54 %, H 8.70 % calc, for ^
68.54 %, H 8.30 %.
II.2.8 PREPARATION OF FPMARALDEHYDIC ACID13
To furoic acid (10 g, 0.086 moles) in 660 ml of water, 
was added potassium hydroxide (21g, 0.583 moles) and bromine 
(29 g, 0.35 moles) in 200 ml of water at 0 °C. The solution 
was stirred at room temperature overnight. Then, the 
solution was reduced to 500 ml, saturated with sodium 
sulphate and continpusly extracted with ether. The ether was 
dried over sodium sulphate and evaporated. The oil obtained 
was distilled to yield a white solid which crystallized on 
the condenser. B.p. 90 °/0.3 mm Hg. Yield 2.1 g (23 %).
Notes
1. If the oil was left standing for several days, it 
sometimes solidified to a yellow crystalline mass. This may
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also be distilled or it may be recrystallised from a 
benzene/ether mixture.
2. The white crystals on the condenser may be recrystallised 
from benzene/ether to obtain greater stability and purity of 
the product. The product is seen to turn yellow with time.
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II. 3 RESULTS, AND. DISCUSSION
Sorbic  
SO .2
1 500
E
Cl
c l
1000
500 -
-Q-■&
O 1 o 20 30
Time/days
Graph 2.2 Degradation of sorbic acid in an aqueous system 
where SO2 is present (Nitrogen atmosphere).
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Graph 2.1 Degradation of sorbic acid in an aqueous system 
where SO2 is present (Air atmosphere).
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Graph 2.3 Degradation of sorbic acid in an aqueous system 
where S02 is present with added ally! acetate (- x-) and a 
control (-0-).
Graphs 2.1 & 2.2 show the degradation of sorbic acid and the 
loss of sulphur dioxide in aqueous systems, both in air and 
an inert atmosphere. The rate of degradation of sorbic acid 
appears to be very dependent on the availability of oxygen. 
Under an air atmosphere, where there is no restriction of 
oxygen to the system, the rate of degradation of sorbic acid 
is very rapid, about 90 % of the initial sorbic acid is 
degraded in about 10 days. This is in contrast to the 
anaerobic system where degradation of sorbic acid occurs 
much more slowly, i.e 60 % degradation in 21 days. The
degradation of sorbic acid in the latter system could be due 
to reaction with oxygen dissolved in the system. Once this
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supply of oxygen runs out the rate of degradation of sorbic 
acid slows down and almost ceases. The rate determining step 
in this system therefore appears to be the availability of 
oxygen within the system.
J
The rate of loss of sulphur dioxide is significant in 
both systems, but very marked in the air system. Under an 
air atmosphere there is total loss of sulphur dioxide in 6 
days. It is interesting that the rate of degradation of 
sorbic acid falls sharply after this and little measurable 
degradation occurs . In the anaerobic system sulphur dioxide 
loss follows degradation of sorbic acid. The loss of sulphur 
dioxide falls and ceases at the same time as the degradation 
of sorbic acid falls and ceases. Sulphur dioxide, therefore, 
seems to be taken up during the degradation of sorbic acid.
The addition of a radical chain inhibitor (allyl 
acetate, graph 2.3) into an aqueous solution of sorbic acid 
and sulphur dioxide in an air atmosphere significantly 
retards the rate of degradation of sorbic acid. It may be 
assumed from this, that the degradation of sorbic acid in an 
aqueous solution with sulphur dioxide added proceeds through 
a free radical mechanism.
To elucidate the mechanism of the reaction, the 
degradation products of sorbic acid were methylated and 
subjected to GC-MS. The results are as follows;
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Figure 2.4 Gas chromatogram of the methylated degradation 
product of sorbic acid and sulphur dioxide in aqueous media.
GC conditions. Column CPWax 52, 25 m, i.d. 0.32 mm.; Program 
30° increase to 60 ° in 30 s, hold at 60° for 1 min. and 
then 10°/min. to 190°. D e i e c t L o n  W 3 S  by fiame ionisation.
MSS. SPECTRAL DATA
Peak 1. Retention time 5.1 mins
m/z 67 (100), 111 (92), 39 (64), 41 (56), 95 (56), 126 (50),
66 (45), 65 (32).
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t.t-Methyl sorbate
m/z 67 (100), 111 (73), 39 (69), 41 (69), 95 (45), 126 (38), 
66 (36), 65 (29).
Peak 2. Retention time 5.3 mine
m/z 111 (100), 67 (82), 126 (53), 95 (53), 39 (39), 41 (36), 
66 (31), 65 (26).
2 ,cis-4,trans-methyl sorbate
m/z 111 (100), 67 (93), 39 (88), 41 (83), 95 (59), 126 (56), 
66 (34), 65 (32).
Peak 3. Retention time 5.5 mins
m/z 67 (100), 97 (86), 95 (80), 41 (52), 39 (52), 140 (48),
125 (41), 66 (31).
trans,trans-ethyl sorbate
m/z 67 (100), 97 (80), 95 (79), 140 (51), 41 (47), 39 (40),
125 (39), 66 (31).
Peak 4. Retention time 5.8 mins.
m/z 67 (100), 95 (95), 97 (90), 140 (52), 125 (48), 39 (47), 
41 (43), 66 (31).
An isomer of ethyl sorbate.
Peak 5. Retention time 6.4 mins.
m/z 95 (100), 96 (58), 66 (28), 45 (24), 65 (14), 79 (13),
48 (11), 125 (7).
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Dimethyl sulphate
m/z 95 (100), 96 (54), 45 (32), 66 (30), 65 (13), 
48 (11), 125 (7).
Peak 6 . Retention time 6.7 mins.
m/z 95 (100), 125 (95), 45 (71), 113 (38), 43 (12),
59 (11), 97 (8).
Peak Z_*_ Retention time 7.1 mins.
m/z 45 (100), 125 (93), 59 (86), 139 (83), 111 (77)
99 (50), 127 (47).
Diethyl sulphate
m/z 45 (100), 125 (91), 139 (85), 59 (85), 111 
(52), 41 (49), 127 (41).
Peak 8 . Retention time 7.4 mins.
m/z 113 (100), 85 (25), 59 (20), 114 (16), 83 (15),
54 (12), 111 (12).
Dimethyl fumarate
m/z 113 (100), 85 (51), 59 (28), 114 (22), 53 (18), 
44 (5), 82 (5).
Peak 9. Retention time 7.7 mins.
m/z 79 (100), 109 (65), 97 (26), 80 (16), 45 (14), 
U  (8).
This peak, due to ethyl methanesulphonate appears
79 (11),
96 (11),
, 41 (51), 
(77), 99
53 (13),
54 (12),
65 (11), 
only in
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this spectrum and so that compound may be assumed to be an 
accidental impurity.
Peak 10. Retention time 7.9 mins.
m/z 127 (100), 55 (24), 126 (34), 55 (21), 54 (15), 45 (12), 
99 (11), 53 (10).
Diethyl fumarate.
m/z 127 (100), 99 (55), 126 (34), 55 (21), 54 (15), 128 (10), 
71 (10), 53 (10).
Peak 11. Retention time 8.4 mins.
m/z 54 (100), 82 (79), 110 (72), 68 (41), 53 (36), 39 (30),
81 (26), 55 (25).
Peak 12. Retention time 8.9 mins.
m/z 83 (100), 55 _(75) , 29 (32), 84 (30), 28 (25), 27 (22),
99 (18), 54 (16).
Peak 13. Retention time 9.6 mins
m/z 82 (100), 39 (97), 95 (88), 100 (85), 43 (54), 28 (52),
54 (22), 81 (21).
Note. Where the compound has been identified m/z values < 35 
have been ignored.
Above are given the eight peak data for the mass 
spectra, for each of the degradation products, of sorbic
acid and sulphur dioxide in aqueous solution. Also given are,
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below each of the identified peaks, the mass spectra of the 
commercially bought or synthesized compounds, for positive 
identification of the peak. Where a known compound has not 
been given, the peak in the GC trace remains unidentified. 
The degradation products are:
Peak 1. t,t-Methyl sorbate.
Peak 2. Methyl sorbate (not t,t- or 2c,4t-)
Peak 3. t,t-Ethyl sorbate 
Peak 4. Ethyl sorbate (not t,t-)
Peak 5. Dimethyl sulphate.
Peak 6 . Methyl ethyl sulphate.
Peak 7. Diethyl sulphate.
Peak 8 . Dimethyl fumarate.
Peak 10. Diethyl fumarate.
From the reaction products listed above, how can we 
account for a mechanism for the degradation of sorbic acid ?
Sulphur dioxide is known to accelerate the rate of reaction,
and this must be accounted for in any mechanism proposed. In 
the system of sorbic acid in water, the mechanism proposed 
by Voltz and Riggl^ yields fumaraldehydic acid and 
acetaldehyde on degradation of sorbic acid in water in the 
absence of sulphur dioxide. It was suggested that sorbic 
acid degrades by the initial formation of a biradical 
species (I), which forms an unstable cyclic intermediate 
(II). This intermediate may then break down to yield
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acetaldehyde and fumaraldehydic acid. (Fig. 2.5)
CH3 . CH=CH. CH=CH. COOH----- » CH3 . CH-gH. CH=CH. COOH »
0
(I)
O
CH3 .CH-CH.CH=CH.COOH----- > CH3 .CHO + OHC.CH=CH.COOH
1 I
0— 0
(II)
Figure 2.5. Mechanism of degradation proposed by Voltz and 
Rigg.I4
In the degradation of sorbic acid, in the presence of 
sulphur dioxide in an aqueous system, the initial question 
that arose concerned the origin of ethyl compounds as 
degradation products. For example, the ethyl esters of 
sorbic and fumaric acids and the ethyl esters of oxidized 
sulphur dioxide were all detected.
The experimental procedure was examined for possible 
contamination by , or production of ethanol. The preparation 
of diazomethane involved the action of ethanolic potassium 
hydroxide solution on an ethereal solution of p- 
tolylsulphonylmethyl-nitrosamide, but this was then 
distilled to yield an ethereal solution of diazomethane. The 
water bath during the distillation was kept at 50 °C and 
minimal quantities of ethanol would have been distilled 
over.
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If it is assumed that the mechanism of degradation of
sorbic acid proceeds through a free radical reaction to
yield fumaraldehydic acid and acetaldehyde, as proposed by 
Voltz and Riggl^, and sulphur dioxide is not participating 
up to this point, then we should expect the acetaldehyde 
subsequently to form the hydroxysulphonate with sulphur 
dioxide.15
S02 + H20 ? ±  HSO3 + H+
H H
^  1 .HSOjj A,C=0 HO3S-C-O
I I
ch3 ch3
Figure 2.6. Reaction between sulphur dioxide and 
acetaldehyde
The hydroxysulphonate product would be the predominant 
species, and little free acetaldehyde would be found in the 
system. But neither acetaldehyde nor its hydroxysulphonate 
were seen as degradation products from the aqueous sorbic 
acid systems when sulphur dioxide was present. However that 
does not necessarily mean that the above changes (Fig. 
2 .6)were not occurring because the reactions are reversible. 
It is suggested that the acetaldehyde could be reduced to 
ethanol by reaction with sulphur dioxide, which in turn is 
oxidized to yield sulphates.
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CH3.CH0 + 2H20 + S02 -------»CH3.CH2OH + H2S04 (2.1)
The reaction (2.1) would account for the presence of 
ethanol and hence ethyl esters in the system. It also
accounts for the presence of sulphates in the form of
diethyl sulphate and ethyl methyl sulphate. It does not rule
out the possibility of hydroxysulphonate formation. This
could still take place but would then be reversed as the 
acetaldehyde and the sulphur dioxide are converted to non 
reversible products and the equilibria are shifted back 
toward the reactants. The initial reaction is still between 
sorbic acid and oxygen and a free radical reaction which 
would be retarded by radical chain inhibitors as indeed was 
found (graph 2.3).
Fumaric acid may arise due to air oxidation of the 
fumaraldehydic acid initially formed. Many aldehydes oxidise 
in the air very readily.
The accelerating effect of sulphur dioxide on the 
disappearance of sorbic acid may be attributed, not to any 
greater speed of reaction (since the actual degradation of 
the sorbic acid in the presence and absence of sulphur 
dioxide is the same), but rather to the accompanying 
alternative reaction which can take place between sorbic 
acid and ethanol to yield the ethyl sorbate. Measurements of 
sorbic acid degradation in sulphur dioxide solutions have 
been concerned only with the disappearance of sorbic acid. 
The rate of appearance of a species such as ethyl sorbate
63
has not been measured. It is suggested that the formation of 
ethyl sorbate contributes to the disappearance of sorbic 
acid and may account, at least in part, for the apparent 
greater rate of degradation of this acid in the presence of 
sulphur dioxide.
Finally, the presence of an isomer of sorbic acid (not 
trans- . trans- or 2-cis-4-trans-) may well be due to 
isomerization on irradiation with light. This product might 
well be the 2-trans-4-cis-isomer which would be only 
slightly sterically hindered compared with the other 
geometrical isomers.
The proposed reaction pathway is. depicted below;
CH3 .CH=CH.CH=CH.COOH * CH3 .CH-£H.CH=CH.COOH 
0
CH3 .CH-CH.CH=CH.COOH * C H 3 .CHO + OHC.CH=CH.COOH (2.2)
0— 0
air oxidation
OHC.CH=CH.COOH * H00C.CH=CH.COOH (2.3)
HS03 + CH3 .CH0- *H03S-CH(CH3)0" (2.4)
CH3 .CH0 + S02 +2H20 * c h 3 .ch2oh + h2so4 (2.5)
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CH3.CH2OH + CH3.CH=CH.CH=CH.COOH-^CH3.CH=CH.CH=CH.COOCH2.CH3
(2.6)
2 CH3 .CH2OH + HOOC.CH=CH.COOH— y GH3 .CH2OOC.CH=CH.COOCH2 .CH3
(2.7)
2 CH3 .CH2OH + H2S04 ----► (CH3 .CH20)2S02 (2.8)
To summarise, it is suggested that the new mass 
spectrometric evidence requires an extension of the 
mechanism proposed by Voltz and Higgle for the degradation 
of sorbic acid in aqueous media in the presence of sulphur 
dioxide (Eqn. 2.2), It is suggested that the fumaraldehydic 
acid product undergoes air oxidation to fumaric acid (Eqn 
2.3). The acetaldehyde reacts initially reversibly with 
sulphur dioxide to yield the corresponding hydroxysulphonate 
(Eqn 2.4), and is then reduced to ethanol, again by the 
sulphur dioxide present, which is itself oxidized to 
sulphate (Eqn 2.5). The ethanol formed then reacts with 
sorbic acid (Eqn 2.6), fumaric acid (Eqn 2.7), and sulphate 
(Eqn 2.8), to yield the various ethyl esters.
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Ill -1 IflTRQDHGlIQfl
As we have seen in the previous chapter, and in the
in the presence of sulphur dioxide undergo extensive 
degradation even in a few days. The products of degradation 
are ethyl sorbate, fumaric acid and its ethyl ester, ethyl 
esters of sulphuric acid, an isomer of sorbic acid and 
various polymeric species.
A mechanism for the degradation was proposed in the 
previous chapter which accounts for all these products.
The aim of the work described in the present chapter
labelled acid in further degradation studies, to trace the 
label and to find whether or not the proposed mechanism was 
supported or not.^
literature cited there^ 4, aqueous solutions of sorbic acid
was to synthesize acid and to use this
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III.2 EXPERIMENTAL
III.2.1 PREPARATION Q£ 6-fl3c]sORBIC ACID
a) Preparation of. 2,3-dibromQpropanal5
To acrolein (100 g, 1.72 moles) in 200 g of carbon 
disulphide, at -30°C, was added bromine dropwise, with 
stirring until a red brown colour remained (about 2 hrs): 90 
% of the theoretical amount of bromine (252 g, 3.11 moles) 
was taken up.
The vessel was allowed to come to room temperature, 
the CS2 was distilled off and the oil remaining was 
distilled to yield a light yellow liquid. B.p 63 °C/10mm Hg. 
Yield 215 g (66 %) . Microanalysis: Found C 16.39, H 2.06 %. 
Calc, for C3H4B^O, C 16.69 %, H 1.87 %.
b) Preparation q£ 2.3 dibrojQQ:: 1,1-d iethox y. pro pans 5
2,3-Dibromopropanal (92.5 g, 0.43 moles) and triethyl- 
orthoformate (70 g, 0.44 moles) were mixed, diluted with 10 
ml of absolute ethanol, and left stirring overnight.
The next day, the ethanol was evaporated and the 
product distilled. B.p 112 °C/ mm Hg. Yield 96.5 g (77.9 %) .
c) Preparation o£ 1,1-Diethoxypropyne6
A suspension of sodamide (made from 25 g of sodium 
metal, using Fe(N03)3 catalyst) in 500 ml of liquid ammonia, 
was made up in a 3-necked flask fitted with a mechanical
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stirrer, a guard tube filled with sodalime and a pressure 
equalizing funnel. To this was added 2,3-dibromo-l,1- 
diethoxypropane (90 g, 0.31 moles) dropwise, with stirring 
over 45 mine. Stirring was continued for 2 hrs after the 
last addition. Ammonium chloride 25 g was then added 
portionwise over 30 mins.
The ammonia was allowed to evaporate overnight. Then, 
200 ml of water as added to dissolve the residue. The 
solution was filtered and the solid on the filter thoroughly 
washed with ether. The filtrate was extracted with ether. 
The ethereal portions were combined, washed with water and 
dried over magnesium sulphate.
The magnesium sulphate was filtered off, the ether 
evaporated, and the residual oil distilled to yield a 
colourless liquid. B.p 40 °C/10 mm Hg. Yield 27.4 g (69 %) . 
Microanalysis: Found C 65.61 %, H 9.48 %. Calc, for C7H12O2 
C 65.59 %, H 9.44 %.
d) Preparation ojL 1, l-Dieth£>xy-4 but-2-vne
To a suspension of lithium amide (prepared from 0.2 g 
lithium metal and Fe(N03)3 catalyst) in 50 ml of liquid 
ammonia was added 1,l-diethoxy-2-propyne (2.20 g, 0.017 
moles), dropwise, with stirring. The ammonia solution was 
cooled to -45°C and a slow nitrogen stream introduced 
through the flask. Iodo- C13c ] methane (2 g, 0.014 moles) 
(MSD isotopes) was slowly added with stirring. Cooling was 
maintained for 1 hr, and stirring for 3 hrs, after the last
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addition. The ammonia was evaporated and the residue 
dissolved in water. The aqueous solution was thoroughly 
extracted with ether. The ethereal extracts were.combined, 
washed with a saturated solution of ammonium chloride and 
water. The ether solution was dried over magnesium sulphate, 
filtered and concentrated. The crude product (2.20 g) , a 
brown oil, was distilled to yield a clear liquid b.p 57- 
62°/10 mm Hg. Yield 1.20 g (60 %).
e) Preparation of. C32Qtonaldehy.de
1,l-Diethoxy-4-C^c]but-2-yne (1.20 g, 0.0085 moles) in 
40 ml of■pyridine (A.R) containing 0.26 g of catalyst (5 % 
palladium on barium sulphate) was hydrogenated during 30 
mins.
Theoretical amount of hydrogen needed = 189 ml 
Amount of hydrogen taken up = 182 ml
This amount of hydrogen accounts for 1.08 g (0.0076 
moles) of 1,l-diethoxy-2-butene being formed. This method 
shows a sharp end point at the olefinic stage.
The pyridine solution was dropped into excess dilute 
hydrochloric acid and extracted thoroughly (at least 6-8 
times) with dichloromethane. The dichloromethane was washed 
with dilute acid, water, and dried over magnesium sulphate.
The dessicant was filtered and the dichloromethane
0.32 g (56%). I.R. V max 61733 cm-1 (C=0), sl646 cm"1 (C=C),
mw995 cm-1 (C=C trans).
carefully distilled to yield crude
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f) Preparation of. labelled [13c] Sorbic acid7
To 1.46 g of pyridine was added 1.18 g of conc. 
sulphuric acid, keeping the reaction temperature below 50°C. 
Calcium malonate (1.46 g), 0.32 g of 4-[l^fcjcrotonaldehyde
and 0.30 g of unlabelled crotonaldehyde were added. The 
whole was heated to 60°C for 3 hrs and then to 80°C for 4 
hrs.
Once the reaction mixture had cooled, 20 ml of water 
was added, the pH brought to 3 with dilute hydrochloric 
acid, and the product filtered. The filtrate and solid were 
thoroughly extracted with ether, which was dried over 
magnesium sulphate. Evaporation of the solution and 
recrystallisation of the residue from toluene yielded white 
needles (0.096 g.).
III.2.2 PREPARATION Q£ SOLUTIONS EOR. DEGRADATION
A solution containing final concentrations of 1 g/1 
sorbic acid and 1.5 g/1 sulphur dioxide in degassed,
deionised water was made up. The solution was placed in the 
degradation chamber for 8 days.
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III. 3 RESULTS MD. DISCUSSIM
The synthesis used to make 6- [l3c] sorbic acid involves the 
reaction pathway outlined below;
H2C=CH.CHO + Br2  *BrH2C-CH(Br) . CHO (3.1)
EtOH
BrH2C-CH(Br).CHO + HC(OEt)3 ---► BrH2C-CH(Br).CH(OEt)2 (3.2)
Na/NH3
BrH2C-CH(Br).CH(OEt)2  > HC5C.CH(OEt)2 (3.3)
Li/NH3
HCsC.CH(0Et)2 + 13CH3l ------► 13CH3 .CSC.CH(OEt)2 (3.4)
5% Pd/BaSC>4
13CH3 .CsC.CH(OEt)2 ----------* 13CH3 .CH=CH.CH(OEt)2 (3.5)
C5H5N c
dil. HC1
13cH3 .CH=CH.CH(0Et)2 ------- *■ 13CH3 .CH=CH.CHO (3.6)
c t
h2so4
13CH3 .CH=CH.CHO + H2C .(COO)2Ca ---- > 13CH3 .CH=CH.CH=CH.COOH
C5H5N
(3.7)
6-[13c] Sorbic acid has never previously been made. The 
route above essentially consists of synthesizing 4- fr3c] cro- 
tonaldehyde and reacting this with malonic to give sorbic 
acid.
Crotonaldehyde is usually synthesized by the
p but is
condensation of acetaldehyde0 ,^ this method^inappropriate in
the present instance. It would require expensive I13c ]  ace-
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taldehyde and would have led to both singly and doubly, as
well as unlabelled, crotonaldehyde.
In the method the scale of the methylation with iodo-
-methane had to be much reduced and this appeared to
reduce the yield (60 % c.f 90 %) , but losses were minimized
by making sure that the iodide was added slowly, under a
nitrogen atmosphere at -45°C.^
The step that caused the most difficulty was the
semihydrogenation of the 1, l-diethoxy-2-butyne. The methods
attempted included chromous sulphate^ in an inert
atmosphere, the Birch reduction,H and palladium over
charcoal in dichloromethane. The first method, which has
been used successfully to yield trans-olefins in high purity
with a variety of acetylenic materials, either gave back
the starting material or polymers, depending on the reaction
time. The Birch reduction^- failed to give a satisfactory
yield, and finally hydrogenation with palladium-over-
charcoal in dichloromethane gave a mixture of products. A
route eventually employed was that suggested by Schneider in
Fieser & Fieser^- the use of 5 % palladium-on-barium
sulphate in pyridine. The hydrogenation was very rapid (20 
P
mins) and stored sharply at the olefinic stage. It is worth 
noting that severe poisoning of the catalyst occurs if the 
acetylene is not pure and up to 50 % weight of catalyst may 
be needed to complete the semihydrogenation. Once the 
hydrogenation was complete, the pyridine solution was then 
added into excess dilute hydrochloric acid. This had three
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effects; it converted the pyridine into a salt which is not 
soluble in ether so the product could be extracted; it 
removed the ethoxy protective groups to give the aldehyde; 
and it converted the cis-bond to a trans-bond.
At this point, the yield of crude aldehyde was very low 
and an equivalent amount of unlabelled aldehyde was added. 
Sorbic acid was prepared from a variation of the Doebner 
synthesis^ where crotonaldehyde is heated with calcium 
malonate in pyridine containing the sulphate and heated. The 
acid was recrystallised to give white needles from toluene.
Besides the synthesis described above, two other 
syntheses of 6-[13qJsorbic acid were attempted. The first is 
outlined below;
HO.CH2 .C*C.CH2 .OH + 2 S0C12 -£2£i^ci0S0.CH2 .C*C.CH2 .0S0Cl
♦ C1.CH2 .CSC.CH2C1 + 2S02 (3.8)
nh3
C1.CH2 .CsC.CH2 .C1 *HC3C.C3CH (3.9)
Na
CH3I
HCaC.C3CH * CH3 .C3C.C3CH (3.10)
Na/NH3
ether/BuLi
CH3 .C3C.CS?CH > CH3C.C3C.C3C.C02H (3.11)
THF/C02
« 2
CH3 .CSC.C3C.C02H * CH3 .CH=CH.CH=CH.C02H (3.12)
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The reason this synthesis was abandoned was that the 
label would have been introduced very early in the procedure 
(eqn 3.10), and the yield during this stage (with unlabelled 
reagent) was only 55 %. Moreover this was followed by
addition of the carboxylic group which proceeded in only 42 
% yield. Furthermore the intended semihydrogenation was not 
accomplished. Even if a successful method had been found it 
was felt that the success of this would rely too much upon 
exactly when the hydrogenation was stopped.
An alternative route seemed much more elegant: the
steps are outlined below;
2 Na.CHCH + H2C-CH-CH2C1 ►HCSC.CH=CH.CH20Na + NaCl (3.13)
HC3C.CH=CH.CH20Na~+ NH4C1 > HC5C.CH=CH.CH20H + NaCl (3.14)
V
0
HC2C.CH=CH.CH20H + Cr03 ► HC2C.CH=CH.C02H (3.15)
Me2
(3.16)
Me2
p-toluene
sulphonic acid
(3.17)
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/>-, NH3
HC5C.CH=CH.Cn + CH3I  *CH3 .C2C.CH=CH.Cf (3.18)
SN ^ M e 2 Na NN - ^ M e 2
h +/h 2o
CH3 .CsC.CH=CH.c/  > CH3 .CSC.CH=CH.C02H (3.19)
NSN ^ M e 2
H2/Pd
CH3 .C5C.CH=CH.C02H -----> CH3 .CH=CH.CH=CH.C02H (3.20)
The main feature of this synthesis involves the 
protection of the carboxylic group via the 2-oxazoline ring. 
This procedure had the advantage, had it worked, that after 
the label had been introduced, the only steps remaining were 
the semihydrogenation (eqn 3.20) of one triple bond and 
hydrolysis (eqn 3.19) to yield 6- C13c) sorbic acid. However 
stage (3.15) provided only 21 % of pure acid (the
literature^ quotes only crude yield) which polymerised 
within a few hours even in vacuo. Then the stage (3.17) 
failed to go by the literature m e t h o d s l S - 1 7  a n d  some degree 
of success by refluxing the acyl aziridine in dioxan with 
catalytic amounts of p-toluenesulphonic acid. On 
recrystallization this gave a 16 % yield of the 2-oxazoline 
product as long hair-like needles. N.m.r of the latter 
revealed it to be a mixture containing some the desired 
product. Finally attempts to methylate the acetylene (stage 
3.18) resulted in the starting product being recovered. At 
this stage the route was abandoned.
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III.3.1 DEGRADATION Q£ 6- f13c1sORBIC ACID
Once 6- sorbic acid was synthesized it was allowed 
to degrade in an aqueous medium in the presence of sulphur 
dioxide, as before, and the products methylated.
The GC trace of the methylated degradation products 
from the 6- [l^cj sorbic acid is shown in figure 3.1. Two 
degradation runs were carried out. One was allowed to 
proceed over 8 days and the other over 21 days. This was 
done to ensure that all the degradation products were 
analysed.
427
I
385
366 37fl80|B8993
12:33
Figure 3.1. GC trace of the methylated degradation products 
of 6-(13c] sorbic acid in the presence of sulphur dioxide in 
aqueous solution after 8 days
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Only the peaks, that Hare present in the unlabelleii GC. 
trace Here. considered. This was because there was 
insufficient of the labelled sorbic acid for rigorous 
purification. It is therefore not unlikely that impurities 
carried over and appear in the GC trace. For example, peak 
401. showing ro/z 101 (100), 59 (77), 74 (44), 56 (19), 42 
(17), 69 (11), 43 (8), 44 (5) is dimethyl malonate carried 
over from the synthesis of the sorbic acid.
The largest peaks in the GC trace are those for the 
methyl and ethyl esters of the oxidation products of sulphur 
dioxide. Figures 3.2, 3.3 and 3.4.
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Figure 3.2. Mass spectrum of dimethyl sulphate (peak 427 in
GC trace. fig.3.1)
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Figure 3.3. Mass spectrum of methyl ethyl sulphate (peak 450 
in GC trace fig. 3.1)
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Figure 3.4. Mass spectrum of diethyl sulphate (peak 468 in
GC trace. fig.3.1)
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In the GC trace these three peaks are so large, in 
comparison to the surrounding peaks, that in a few cases 
interpretation of the mass spectra of the smaller peaks is 
very difficult and in a few cases impossible. This is 
mainly because of the difficulty of subtracting the 
background of the larger peaks from the smaller peaks in 
order to obtain good mass spectral data. However methyl 
sorbate and ethyl sorbate have both been identified. Ethyl 
sorbate is not shown in the GC trace in figure 3.1. The 
spectrum (fig. 3.5) is taken from the sorbic acid solution 
after it had been allowed to degrade for 21 days. In the GC 
trace shown above (fig. 3.1) the peak for ethyl sorbate does 
not appear, maybe due to background interference of the much 
larger peaks for the sulphate esters.
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Figure 3.4. Mass spectrum of methyl sorbate (peak 376 in the
GC trace. fig. 3.1.
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Figure 3.5. Mass spectrum of ethyl sorbate ( Taken from a 
solution of sorbic acid degraded for 21 days).
Although all the peaks that appear in the unlabelled GC 
trace, such as dimethyl and diethyl fumarate, are not seen 
in the GC trace given above for the labelled sorbic acid, 
there is sufficient data to argue the mechanism proposed.
The amount of label in the synthesized sorbic acid may 
be estimated from the mass spectrum of methyl sorbate as 
follows;
If the natural isotopic abundance ratios are;
13C/12C = 1.1 % per C atom
170/160 = 0.2 % per 0 atom
2H/lH = 0.016 % per H atom
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and M+ is the molecular ion (m/z 126) for methyl sorbate 
with a nominal peak height of 100, then (M+l)+ , the isotopic 
contribution peak, for the formula C7H10O2 7.9. That is,
the ratio of the peak heights, (M+l)+/M+= 7.9 %.
For methyl 6 - sorbate, the ratio of (M+l)+/M+= 29%. 
Therefore, the amount of 6- L13c] sorbic acid is 21.1 %.
In the previous chapter, it was suggested that the
mechanism of degradation of sorbic acid followed a free 
radical reaction where a biradical species was formed. The 
initial products of the degradation were fumaraldehydic acid 
and acetaldehyde. The former was oxidized by air to fumaric 
acid and the latter was reduced by sulphur dioxide to
ethanol. The ethanol produced then reacted with sorbic and 
fumaric acids and the oxidation products of sulphur dioxide 
to yield various ethyl esters.
If this mechanism applies we should expect all ethyl 
esters to be labelled with carbon-13.
Diethyl sulphate and ethyl methyl sulphate are not 
labelled. In the degradation where 6- [13 C] sorbic acid was 
used these peaks are so large that diethyl fumarate cannot 
be identified.
Also we should expect to find some ethyl sorbate which 
contains two labelled carbons one at each end of the
molecule. The relative peak height of m/z 140, 141 and 142
may be calculated as follows ( assuming the above isotopic 
distribution ) and 21.06% of sorbic acid being labelled the 
amount of 2 - ethyl 6-[^^c]sorbate present should
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be:
6-[l3cJ Sorbic acid 
Sorbic acid
Unlabelled ethyl sorbate
21.06 %
78.94 %
62.31 %
Ethyl 6 - ]sorbate 
2- [l3c]Ethyl 6-[l3c] sorbate 4.43 %
16.62 %
Therefore, taking into account natural isotope
distribution, the relative peak heights should be;
This pattern is not evident in the spectrum of ethyl 
sorbate (fig.3.5) the pattern that exists is that of singly 
labelled ethyl sorbate.
The mechanism proposed in the previous chapter should 
not be totally dismissed however. Sorbic acid could still 
break at the C3, C4 double bond via a free radical mechanism 
in the way suggested by Voltz and Riggl®, to yield 
acetaldehyde and fumaraldehydic acid. The latter oxidizing 
to fumaric acid. The question then is what is happening to 
the acetaldehyde. Could it be reacting with the polymeric 
species that are produced on degradation of sorbic acid ? 
These polymeric species need to be further investigated. In 
this study they were largely ignored. Again, could it be 
that these polymeric species break down to yield ethanol ? 
To answer all these questions further experiments using
m/z 140:141:142 peak height 100: 42: 4.8
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labelled sorbic acid would have to be carried out. A totally 
(100 %) labelled position in the sorbic acid molecule would 
ease the interpretation of the results, especially where 
polymers arise.
Therefore in conclusion, the mechanism proposed should 
not be dismissed, but further work needs to be carried out, 
especially to elucidate how the ethyl esters arise.
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III. 4 EARLIER EXPERIMENTS. UNDERTAKEN IQ OBTAIN £nf13C.1sQRBIC 
ACID
III.4.1 ROUTE 1
a) Preparation. of. 1.4-dichloro-2-butyne19
A 1 litre 3-necked flask was fitted with a dropping 
funnel, a thermometer and a calcium chloride guard tube. In 
it was placed butynediol ((43.1 g, 0.5 moles) previously 
recrystallised from a 3:10 mixture of ^ THF: diethyl ether) and 
4 ml of pyridine. The flask was immersed in a bath at -30°C 
and thionyl chloride (128 gm, 1.075 moles), precooled to 
-60°C, was added over 30 mins. During addition the reaction 
temperature was kept below -10°C and the flask occasionally 
swirled. HC1 fumes were given off. After addition was 
finished the temperature was allowed to rise to 0°C over 2 
hrs and was kept at 0°C for 12 hrs. Then the volatiles were 
removed at a water pump as the temperature was slowly 
increased to 40°C. The liquid remaining was distilled at 
reduced pressure to give a colourless liquid. B.p. 68°C/20 
mm Hg. Yield 48.96 g (79.6 %).
b) Preparation oi. 1.3-pentadivne20
To 200 ml of liquid ammonia in a 500 ml 3-necked flask 
fitted with a stirrer, a dropping funnel and a sodalime 
guard tube, was added sodium metal (2.3 g, 0.1 moles). 
Ferric nitrate was used as catalyst, for the conversion into 
sodamide. After about 20 mins the solution turned from blue
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to white. Dichlorobutyne (4.10 g, 0.03 moles) was added 
dropwise over 15 mins. A slow nitrogen stream was passed 
over the surface of the solution and the flask cooled to 
-50°C. Methyl iodide (4.81 g, 0.03 moles) was added,over 15 
mins. Once the addition of methyl iodide was complete the 
cooling bath was removed and 10 ml of petroleum fraction 
200-240°C was added. A conical flask was charged with ice 
and 10 ml of petroleum and the mixture transferred under ice 
During this procedure the flask was swirled by hand. The 
reaction flask was rinsed with water and solvent. All the 
washings were combined, added to the main portion and the 
mixture was put under a water vacuum to evaporate the excess 
ammonia. The aqueous layer was extracted three times with 20 
ml portions of petroleum fraction 200-240°C. The combined 
extracts were dried over magnesium sulphate. The mixture was 
filtered, distilled at reduced pressure and collected in a 
trap cooled to -70°C. B.p. 45°/140 mm Hg. Yield 1.06 g (55 
%) . Microanalysis: Found C 93.06 %, H 5.98 %. Calc, for
C5H4 : C 93.71 %, H 6.29 %.
c) Preparation of. 2.4-hexadivnoic &£ m 2*
To pentadiyne (1.06 g, 0.016 moles) in 20 ml of dry 
diethyl ether, in a flask under nitrogen, at -10°C, was 
added through a septum a solution of 0.016 moles of 
butyllithium in 20 ml of ether. An equal volume of THF was 
added. Dry carbon dioxide was bubbled through the 
vigourously stirred solution, which was kept below 10°C. The
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flow of carbon dioxide was continued for 20 mins after the 
exothermic reaction which occurs had subsided. The mixture 
was then poured into a cold solution of 2 g of 96 %
sulphuric acid in 15 ml of water. Two layers appeared, but
sometimes shaking is required. The aqueous phase was 
continually extracted with ether (fig 3.7). The extracts 
were washed with a saturated solution of ammonium chloride 
and dried over magnesium sulphate. The dessicant was 
filtered, and the solution concentrated and distilled at 
reduced pressure. B.p 114°C/10 mm Hg. Yield 0.73 g (42 %).
d) Hydrogenation q£ 2.4-hexadivnoic acid
i) Hydrogenation using Palladium catalyst
To 2,4-hexadiynoic acid (0.73 g, 0.007 moles), in a 50 
ml hydrogenation flask, was added 50 ml of dichloromethane 
and 0.1 g of 5% Palladium on charcoal catalyst poisoned with
quinoline . 100 ml of hydrogen were taken up but no product
was recovered.
ii) Hydrogenation using chEamous sulphate10
2,4-Hexadienoic acid (0.75 g, 0.007 moles), was added 
to 50 ml of chromous sulphate solution (approx. 0.5 M) under 
nitrogen and stirred overnight. The solution turned from 
blue to green. The next day it was extracted with ether 
continuously. The ethereal solution was concentrated and the 
very small amount of product obtained was found to be 
unchanged starting material. I.R. max b3320 cm-1 (OH), 
w2240 cm'1 (CSC), w2260 cm"1 (CSC), sl670 cm"1 (C-0).
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Figure 3.7. Continuous ether extraction apparatus.
III.3.2 ROUTE 2.
a) Preparation of. pentr2,-en-,4zyn^l.rQl22
To 3 litres of liquid ammonia in a 5 litre 4-necked 
flask, fitted with a mechanical stirrer, a thermometer, a 
sodalime guard tube and a stopper, was added ferric nitrate 
catalyst and then sodium metal (110 g, 4.78 moles) cut into 
5mm cubes. The solution was rapidly stirred and the colour 
turned from blue to grey in about 70 mins, indicating the 
formation of sodamide. The volume of ammonia was brought 
back to 3 1 and 0.5 g of- triphenylmethane indicator was
added. Acetylene (previously passed through two dry 
ice/acetone traps and a sulphuric acid trap) was quickly 
bubbled (approx. 1 1/min) through the mixture until a colour 
change occur)jed from pink to black, indicating the formation 
of sodium acetylide, about 1 hr.
The flow of acetylene was replaced with a nitrogen flow
over the surface of the ammoniacal mixture and the
temperature brought down to -45° by means of a dry ice/
acetone bath. Epichlorohydrin (222 g, 2.40 moles) was added
so
dropwise over 1 hr. The nitrogen flow was slowedJ^as just to 
keep a positive pressure in the flask and the mixture left 
to stir overnight.
The next day, 200 g of ammonium chloride were added, 
portionwise, over 1 hr. The ammonia was evaporated and 500 
ml of ether added to the residue. Stirring was continued to 
expel the last traces of ammonia. The suspension was
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filtered and thoroughly washed with ether. The solid was 
dissolved in water and extracted with ether. The ethereal 
portions were combined, and washed with dilute sulphuric 
acid, water and dried overnight over sodium sulphate. The 
dessicant was filtered off, the ether evaporated, and the 
brown oil remaining distilled at reduced pressure to give a 
clear liquid. B.p. 69°/20 mm Hg. Yield 92 g (47 %).
b) Preparation of. pent-2~en-4T:yii=J.-Qic. acid14
A mixture of chromium trioxide (70 g, 0.70 moles) and 
concentrated sulphuric acid (112 g) was made up to 350 ml 
with water. This solution was added, with constant stirring, 
during 30 mins, to a cooled solution of pent-2-en-4-yn-l-ol 
(41 g, 0.50 moles) in 300 ml of acetone. The temperature was 
maintained between 10 - 15°C. Stirring was continued for 90 
mins after the last addition. The reaction mixture was 
poured into iced water and thoroughly extracted with ether. 
The acidic material was extracted with a saturated solution 
of sodium bicarbonate, which after acidification, extraction 
with ether and evaporation yielded 24 g of crude acid as a 
yellow crystalline mass. Recrystallization from light 
petroleum b.p. 80-100° yielded long colourless needles. 
Yield 10.3 g (21 %) . M.p. 100-102° decomp.; cf(CDCl3 ) 3.44 
(1H, d, HC C, J= 2.31 Hz), 6.22 (1H, d,C=CH, J'= 15.83 Hz), 
6.73 (1H, d ,C .CH=C, J= 2.31 Hz, J'= 15.85 Hz).
Notes
This product has a very short life time even in 24 hrs it
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decomposes greatly. It may be kept overnight in a liquid 
nitrogen bath under nitrogen.
aairidine
To pent-2-en-4-yn-l-oic acid (10.3 g, 0.11 moles) in 
200 ml of dichloromethane at 5°C was added, with stirring, 
dicyclohexylcarbodiimide ((DCC), 24.49 g, 0.11 moles)
followed by of 2,2-dimethylaziridine (8.41 g, 0.12 moles). 
The reaction was left stirring overnight at room 
temperature.
The next day, the mixture was filtered, the solid 
thoroughly washed with dichloromethane and the washings and 
filtrate combined. The solution was concentrated and the 
brown residue remaining was washed several times with 
hexane. The hexane was evaporated and the oil remaining was 
distilled under nitrogen at reduced pressure. B.p. 54°/0.1 
mm Hg. Yield 7.28 g (44 %). <T (CDC13), 1.34 (6H, s, 2 x CH3), 
2.21 (2H, s, CH2), 3.35 (1H, d, HCsC, J= 2.04 Hz), 6.54 (1H, 
s, C=CH.C ), 6.59 (1H, d, CSC.CH=, J= 2.04 Hz).
d) Preparation of 2-rbut-l-en-3-vn-l-yl]-4.4-dimethvl-2- 
oxazoline
The acylaziridine (7.28 g, 0.48 mole's) in 80 ml of 
dioxan AR with catalytic amounts of p-toluenesulphonic acid 
were taken to 90 °C for 2 hrs. The reaction was allowed to
c) of. 1n [pent-2-en-4-yn-l-ovll -2 . 2-dimethyl
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come to room temperature and the dioxan was then evaporated. 
The residue was recrystallysed from light petroleum (80- 
1009). Charcoal was added to remove excess colour. The 
product formed very fine white needles. M.p 84-85°C. Yield
1.5 g (20 %) . The nmr is given below (fig. 3.8). The peaks 
expected for the pure compound (assuming it is present) 
would be S (CB3CI) 1.74 (6H, s, 2 x CH3) , 3.24 (1H, d, HC=C,
J = 2.34), 3.9 (2H, s, CH2 ) . 6.25 (1H, d, C=CH, J' = 15.5 Ha) 
6.64 (1H, d, C.CH=C, J =2.34, J' = 15.5 Hz). The other peaks 
present are assumed to be impurities in the sample.
Figure 3.8 Nmr obtained for 2- Cbut-l-en-3-yn-l-yl]] -4,4- 
dimethyl-2-oxazoline.
i) Qther rearrangement reactions which were attempted
The above reaction was previously attempted with ether 
or dichloromethane as solvent, with and without reflux and, 
with each of the following catalysts; sodium iodide, 2,5,5-
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trimethyl-2-oxazoline, sulphuric acid and p-toluenesulphonic 
acid. In all cases the starting material was recovered 
unreacted. In boiling dioxan, with the exception of p- 
toluenesulphonic acid, only a polymeric mass is obtained.
e) Preparation of. 2- fpent-l-en-3-yn-l-yl1-4.4-dimethyl-2- 
oxazoline
To a v i g o r o u s l y  stirred suspension of 0.1 moles of 
lithium amide in 50 ml of ammonia was added 2-[but-l-en-3- 
yn-1- yl] -4,4-dimethyl-2-oxazoline (1.5 g, 0.01 moles) dropwise. 
The solution turned from grey to green. The temperature of 
the reaction mixture was brought down to -45°C with a dry 
ice/acetone bath and a slow nitrogen stream introduced. 
Methyl iodide (1.5 g, 0.011 moles) was added dropwise. The 
temperature was maintained at -45° for a further hr after 
addition and stirring was continued 1 hr further. The 
ammonia was evaporated, and the residue dissolved in water 
and then extracted with ether. The ethereal solution was 
washed with a saturated solution of ammonium chloride, water 
and dried over magnesium sulphate. The ether was carefully 
distilled off to yield a brown residue. On distillation 
the starting material was recovered unreacted. The 
experiment was repeated with sodium as base but the result 
was the same.
f) 2-Qxaao.line. product oi sorbic acid starting from sorbic acid 
The procedure described above was used to attempt to
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synthesize the 2-oxazoline derrivative of sorbic acid and 
although the aziridine derivative was made and 
recrystallised to yield white crystals (m.p 140-147°C), the 
rearrangement could not be effected by the methods given 
above. With ether or dichloromethane the starting material 
was recovered unreacted. When the aziridine derivative was 
treated in refluxing dioxan the product was a polymeric mass,
g) Preparation ojfL 2 . 2-dimethvlaziridine23
To 2-amino-2-methylpropanol (100 g, 1.12 moles) in 200 
ml of water was added a cold (0-5°C) solution of 110 g of 
conc. sulphuric acid in 200 ml of water. The mixture was 
heated so that the water distilled off and until the 
temperature of the pot residue reached 115°C. The water was. 
then completely removed under a water vacuum while heating 
continued. This caused the pot residue to solidify to a 
white mass. After cooling, a solution of 100 g of sodium 
hydroxide in 200 ml of water was slowly added, and the whole 
was allowed to stand overnight. Then, the alkaline slurry 
was distilled at atmospheric pressure until the residue 
reached 101°C. The distillate was saturated with potassium 
hydroxide pellets until two layers separated. The aziridine 
(top layer) was removed, dried over potassium hyroxide and 
distilled from potassium hydroxide. Yield 35 g (44 %). B.p. 
72°C.
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STUDY QE THE INTERACTION QE SflBBIC. ACID SULPHUR DIOXIDE Ui
REAL FOOD SYSTEMS
IV.1 INTRODUCTION
Both sorbates and sulphur dioxide are common food 
additives, often used together in many foods. As shown in 
the previous chapters, in aqueous systems, sorbic acid 
degrades rapidly in the presence of sulphur dioxide. If 
this degradation were to occur at the same rate in, for 
example, wines, then the maximum permitted E.E.C. level of 
200 mg/1 of sorbic acid would be lost in 7 to 14 days.^
In wines, as was previously described a 'Geranium like' 
off odour was associated with added sorbate.2 This was 
eventually traced to an ether, 2-ethoxy-3,5-hexadiene formed 
via an anisotropic rearrangement of 2,4-hexadien-l-ol.3
It was concluded that, prevention of this odour 
development, requires conditions preventing microbial 
development after bottling. These workers suggested that 
sorbic acid should be used as an inhibitor of yeast growth, 
but not as an effective inhibitor of bacterial growth, and 
therefore, greater amounts of sulphur dioxide should be 
used. If this was the case, and real food systems followed 
the same pattern of degradation previously described, then 
we should expect the rate of degradation of sorbic acid to 
be enhanced by the greater amounts of added sulphur dioxide.
The aim of the following piece of work is to 
investigate the behaviour of sorbic acid-sulphur dioxide
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interaction in real food systems £o see if there is any 
correlation between the aqueous model system just 
investigated and real food systems. What other factors may 
influence the sorbic acid-sulphur dioxide interactions? That 
is, what effect would other species naturally present in 
food have, if any? What is the effect of packaging (i.e. 
permeability) on the system? This chapter, therefore, acts 
as a link between what happens in the laboratory and how 
this then may be applied to consumer goods.
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IV.2 EXPERIMENTAL
Note. All analyses for sorbic acid were carried out in 
duplicate or until the peak height ratios agreed within + 
0.01 units.
IV.2.1 MAYONNAISE PREPARATION 
Ingredients
4 egg yolks (size 1)
500 ml Corn flour oil 
20 ml wine vinegar
1 g salt 
1 g pepper
5 ml boiling water
The egg yolks were placed in a plastic bowl, vinegar 
added, and beaten with a plastic beater. The mixture was 
heated to 80 °C, with stirring, and allowed to cool. The oil 
was slowly added and worked into the mixture making sure it 
was being absorbed as it was added (This stops the 
mayonnaise from curdling). Once all the oil had been taken 
up 5ml of boiling water were added.
a) Preparation of. mayonnaise for. analysis
To 500 g of freshly prepared mayonnaise, 0.504 g of 
sorbic acid and 1.44 g sodium sulphite (SO2 equiv. = 0.73 g) 
were added.
The mayonnaise was put in an aseptic clear glass jar, with a 
screw top, and placed in the degradation chamber.
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IV.2.2 1QMAT0 EUREE.
To 500 g of tomato puree (Butoni, tinned containing 
only salt) were added 0.54 g of sorbic acid and 1.44 g 
sodium sulphite (SO2 equiv. = 0.73 g) . The puree was put in 
an aseptic clear glass screw top jar and placed in the 
degradation chamber.
IV.2.3 COTTAGE CHEESE
To 500 g of cottage cheese (Looseley dairies, Surrey, 
U.K), containing only sea salt, 0.27 g of sorbic acid and 
0.63 g sodium sulphite (SO2 equiv. = 0.32 g) were added. 
The cheese was divided into two equal portions. One half was 
placed in a clear glass screw top jar and the other half was 
placed in its original plastic container with a 'flip open' 
lid. Both containers were placed in the degradation chamber.
a) Sample preparation fan analysis4
To 5-10 g of accurately weighed sample, 20 ml water was 
added and the sample placed in an ultrasonic bath for 
homogenization for 15 mins. The sample was quantitatively 
transferred to a 100 ml volumetric flask by washing with 
exactly 50 ml of methanol and distilled water was added 
until just before the mark. The volumetric flask was placed 
in the ultrasonic bath for a further period, removed, 
allowed to reach room temperature and the water level 
brought to the mark. The flask was then shaken and the
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contents filtered through Whatmans N° 1 filter paper 
followed by filtration through a Millipore filter before the 
sample was used for analysis.
IV.2 .4 QRAHGE JUICE 
a) Preparation. oJL orange drink5
Orange juice 250 ml
Sucrose 225 g
Citric acid 6 g
Sulphur dioxide 350 mg 1”! (as sodium
sulphite)
Sorbic acid 300 mg 1“1
This was made up to 1 litre with distilled water. The pH of 
the drink was 2.9.
The drink was pasteurized for 20 mins at 70 °C and placed in 
the degradation chamber.
IV.2 .5 ORANGE JUICE MODEL SYSTEMS.
A solution containing a final concentration of 300 mg 
1"! sorbic acid and 350 mg 1“  ^ sulphur dioxide was made up. 
Thirteen aliquots of 100 ml of this solution were placed in 
100 ml stoppered conical flasks . To each a constituent of 
orange juice was added as shown in table 1.
All the solutions were adjusted to pH 2.9 with dilute 
hydrochloric acid. All the flasks were stoppered and placed 
in the degradation chamber.
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Label
SA1
Additive Quantity/g
SA2 Sucrose 4.194
SA3 Glucose 1.099
SA4 Fructose 2.281
SA5 Citric acid 0.850
SA6 Malic acid 0.196
SA7 Inositol 0.104
SA8 Potassium chloride 0.308
SA9 Calcium chloride 0.032
SA10 Magnesium chloride 0.446
SA11 Potassium hydrogen 
phosphate
0.031
SA12 Sucrose 23.55
SA13 Ascorbic acid 0.050
0.18g)
. equiv.
0.015g)
equiv.
0 .012g)
Table 4.1 Constituents of the orange drink in aqueous 
solutions of sulphur dioxide. ®
IV.2 .6 Analysis q£ sorbic acid
Analysis of sorbic acid was by H.P.L.C reverse phase 
using a column of Lichrosorb RP18 (12 cm x 0.4 mm i.d) with 
20% acetonitrile and 80% (0.1 M acetic acid / 0.1 M sodium 
acetate, 1:1 mole ratio, pH 4.5) eluent at a flow of 1.5 ml 
min“l. Detection was by U.V. absorption at wavelength 245 nm
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The sample was injected directly with benzoic acid as 
internal standard. The concentration of sorbic acid was 
calculated as the ratio of the peak heights.
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IV.3 RESULTS
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Graph 4.1 Degradation of sorbic acid in mayonnaise stored in 
a glass jar over 28 days.
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Graph 4.2 Degradation of sorbic acid in tomato puree stored
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Graph 4.3 Degradation of sorbic acid in cottage cheese 
stored in a clear glass jar over 28 days.
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Graph 4.4 Degradation of sorbic acid in cottage cheese 
stored in an oxygen permeable plastic container.
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Graph 4.5 Degradation of sorbic acid in the presence of 
sulphur dioxide (Control reaction).
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Graph 4.6 Degradation of sorbic acid in the presence of 
sulphur dioxide and sucrose (4.19 g/100 ml).
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Graph 4.7 Degradation of sorbic acid in the presence of 
sulphur dioxide and glucose (1.10 g/100 ml).
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Graph 4.8 Degradation of sorbic acid in the presence of 
sulphur dioxide and fructose (2.28 g/ 100 ml).
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Graph 4.9 Degradation of sorbic acid in the presence of 
sulphur dioxide and sucrose (23 g/100 ml).
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Graph 4.10 - Degradation of sorbic acid in the presence of 
sulphur dioxide and citric acid (850 mg/100 ml).
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Graph 4.11 Degradation of sorbic acid in the presence of 
sulphur dioxide and malic acid (196 mg/100 ml).
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Graph 4.12 Degradation of sorbic acid in the presence of
sulphur dioxide and inositol (104 mg/100 ml).
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Graph 4.13 Degradation of sorbic acid in the presence of 
sulphur dioxide and potassium chloride (308 mg/100 ml).
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Graph 4.14 Degradation of sorbic acid .in the presence of
sulphur dioxide and calcium chloride (32 mg/100 ml).
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Graph 4.15 Degradation of sorbic acid in the presence of 
sulphur dioxide and magnesium chloride (446 mg/100 ml).
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Graph 4.16 Degradation of sorbic acid in the presence of
sulphur dioxide and potassium hydrogen phosphate (31 mg/100
ml) .
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IV.4 DISCUSSION
Firstly, with the orange drink system studied by Saxby 
et al.,? , The degradation of sorbic acid in
the presence of sulphur dioxide was noted to be much slower 
than with the model systems previously studied in chapter 2 . 
The same was true of white wines treated with sorbic acid 
and sulphur dioxide. These workers found that there was an 
initial 50 % degradation of sorbic acid in the first two 
months but only a 10 % drop in the following six months. ;
300
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Graph 4.17. The rate of degradation of sorbic acid in 
orange juice in the presence of sulphur dioxide in the light 
and dark.
The rate of degradation of sorbic acid in both systems 
was independent of light (c.f. aqueous model systems where
In light 
In dark
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at pH 2.9 the degradation is very dependent on light).
In these real food systems there could be one or both 
of the following happening;
1) Sorbic acid is stabilized by the presence of one or more 
of the constituents in the food system or/and,
2) sulphur dioxide is unable to react with sorbic acid due 
to faster more likely reactions with components naturally 
occurring in, or added to, the food system.
Beard et al. ® studied the oxidation of orange oil when 
sulphur dioxide was added to it. These workers found that 
the rate of oxidation was greatly enhanced by the presence 
of sulphur dioxide. The extent and the rate of oxidation was 
proportional to the initial concentration of sulphur dioxide 
used. The samples of orange oil with the greatest amount of 
added sulphur dioxide were found to have suffered the 
greatest changes 'i.e. they had strong odours (similar to 
those associated with oxidised orange oil), browning and 
cloudiness of the aqueous phase. The last two effects were 
presumably due to the formation of polymeric reaction 
products from the oil.
The rate of oxygen absorption by the orange oil 
increased linearly with the concentration of sulphur 
dioxide. Absorption of oxygen slowed down when the molar 
quantity of sulphur dioxide initially present was reached. 
This implied that sulphur dioxide was used up in the 
reaction and was responsible for the consumption of one 
molecular proportion of oxygen (i.e twice the quantity
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required to convert sulphite to sulphate). The excess oxygen 
taken up in the reaction must have been used to oxidize 
components of orange oil. If this is the case in the orange 
drink then there would be a reduction in the sulphur dioxide 
present to react with sorbic acid. It has been shown that 
the oxidation of sulphur dioxide in the presence of air goes 
through a free radical mechanism.9
A wide variety of organic compounds inhibit sulphite 
oxidation by chain t e r m i n a t i o n . T h i s  could explain the 
effect of malic acid on the rate of degradation of sorbic 
acid. The initial acceleration of the oxidation of sulphur 
dioxide and orange oil was suggested® to be due to the fact 
that they both proceed via a free radical chain mechanism.
Sulphur dioxide undergoes reaction with sugars and 
carbonyls present in orange juice. As outlined previously in 
the introduction, the following type of reaction is known to 
take place between sulphur dioxide and sugars.
S02 + H20 *=* HS05 + H+
SO3.
H-C=0 HO-C-H
H-C-OH H-C-OH
HO-C-Hi + HSO3 HO-C-H
H-C-OH H-C-OH
H-C-OH H-C-OH
CH2OH CH2OH
Figure 4.1 Interaction between sulphur dioxide and glucose.
The above reaction would further reduce the amount of 
sulphur dioxide present in the orange drink. The same is 
true for other carbonyl compounds, either, initially present 
or formed due to degradation of any components naturally 
occurring in the orange drink. Ascorbic acid will degrade 
with time, especially in the presence of light, to yield 
various carbonyl c o m p o u n d s * ! ,  ultimately yielding the easily 
polymerizable furfural as shown below;
Figure 4.2 Degradation of ascorbic acid to furfural, carbon 
dioxide and water.
Sulphur dioxide is likely to react with the 
intermediates of this reaction, inhibiting further reactions.
degradation products of ascorbic acid, would take place much 
more readily than the relatively slow oxidation of sorbic 
acid.
The orange drink was heated for 15 minutes at 70 °C.
o
ii
0
1
o
I CHC-OH HC
—* o=c
Io=c
HO-C-H H O -C -H  
I I
c h2oh  c h2o h
H—C - OH 
I
HO-C-H
c h2o h  + z h 2o
These reactions, between sulphur dioxide and the
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Mild heating has been shown to convert sugars into active 
carbonyl compounds 12 ancj would account for the higher 
sulphite binding in the orange drink. At room temperature
product of the
the^ interaction of sugars and sulphite is an easily 
decomposed hydroxysulphonate derivative, but when the system 
is heated some degradation of sugar may occur. Ingles^ has 
shown that sugars such as D-glucose and D-galactose give the 
corresponding aldonic acids (gluconic and galactonic acids). 
Sorbose and fructose were found to give a complex mixture of 
keto acids under similar conditions.
Ingram and Vas^-^ showed the validity of this conclusion 
by subjecting synthetic mixtures of sucrose, fructose and 
glucose to conditions similar to those undergone by orange 
juice during processing. The processed solutions showed an 
increased binding capacity for the sulphur dioxide.
Therefore by avoiding temperatures above 30°C during 
processing and storage, a larger amount of sulphur dioxide 
is found to be 'unbound' and therefore able to interact with 
sorbic acid.
Sulphites have also been shown to change ascorbic acid 
to L-xylosone in fermenting apple juice.
Therefore it follows that if substances that have a 
high affinity for reaction with sulphur dioxide, either 
reversibly or not, are not present, the food system would 
behave in the same way as the aqueous model system and 
degradation of sorbic acid would take place.
Experiments were carried out using cottage cheese,
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tomato puree and mayonnaise. The constituents of each of 
these products are shown below;
Component per 
100 g product Cheese Mayonnaise
Crude protein/g 20 17
Fat/g 24 70
Carbohydrate/g trace 3.1
Fibre/g - -
Calcium/mg 130 10
Phosphorus/mg 240 30
Iron/mg 0.6 14
Sodium/mg 1400 1500
Potassium/mg 100 9.5
Vitamin A/I.U. 900 225
Thiamine/mg 0.03 0.12
Riboflavin/mg 0.3 280
Nicotinamide/mg 0.1 Trace
Vitamin B6/mg 0.06 Trace
Vitamin C Trace Trace
Vitamin D/I.U . 9 20
Vitamin E/mg - -
pH 4.8
Table 4.2 Typical quantities of the main constituents 
of cheese and mayonnaise (worked out as the sum of all 
ingredients used in preparation) per 100 g of sample.
120
Component per 
100 g product Tomato puree Orange
Crude protein/g 3 0.6
Fat /g 0.3 0.1
Carbohydrate/g 17 9
Fibre/g - 0.1
Calcium/mg 4.5 10
Phosphorus/mg 75 20
Iron/mg 1.5 20
Sodium/g 9 1
Potassium/mg 1000 190
Vitamin A/I.U. 2900 150
Thiamine/mg - 0.09
Riboflavin/mg - 0.03
Nicotinamide/mg - 0.3
Vitamin B6/mg 0.18 -
Vitamin C/mg 30 50
Vitamin D/I.U. - -
Vitamin E/mg - -
pH 4.1 2.9
Table 4.3 Typical values of the main constituents of 
tomato puree and orange juice per 100 g of sample.15
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The mayonnaise was prepared in the laboratory. The rest 
of the products were chosen for their lack of additives. In 
all cases the products were checked for sorbic acid and 
sulphur dioxide addition prior to use.
Each of the products was placed in an aseptic clear 
glass jar with a screw cap and a nitrogen headspace.
From graphs 1-4, it may be seen that there is marked 
degradation in all samples. Tomato puree (graph 2) shows the 
greatest stability followed by the mayonnaise (graph 1). 
This is reasonable since tomato puree contains the greatest 
amount of sugar and therefore would contain the greatest 
amount of bound sulphite. It also contains vitamin C, which 
would react with a further amount of sulphur dioxide in the 
same way as orange juice. But the degradation of sorbic acid 
in tomato juice is markedly more than that in the orange 
drink. This may be explained due to the fact that the tomato 
puree was transferred directly into the clear glass jar, 
sorbic acid and sodium sulphite were then added but the 
product was not heated.(It was assumed that the conditions 
of transfer were aseptic enough as not to require further 
processing) and therefore reducing the amount of sugar 
converted to active carbonyl compounds.
One further difference between the orange drink and 
tomato puree is the pH values of the two systems. This has a 
profound effect on the equilibrium constants of the sugar- 
sulphite system. For example, in a sulphite-glucose system, 
the equilibrium constant for the system is lowest between pH
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3 and pH 5.5 and increases markedly in more alkaline or more 
acidic conditions. 16 The pH of the orange drink is 2.9 and 
that of the tomato puree is 4.1. This would account for a 
further amount of bound sulphite in the orange drink, 
making, or appearing to make, sorbic acid more stable in 
this system.
The mayonnaise and cottage cheese have less sulphite 
binding species than the orange drink or tomato puree and 
hence, the degradation of sorbic acid follows that of the 
aqueous model systems more closely.
In wines there are a variety of carbonyl species, 
besides sugars, which can account for the stability of 
sorbic acid due to the abstraction of sulphur dioxide from 
the system. Burroughs and S p a r k s c a r r i e d  out a very
Carbonyl compound K at pH 3.3 
/moles
Molarity 
x icr3
D- Threo-2,5-hexodiulose 3.4 x 10-4 1.90
L-Xylosone 1.4 x 10~3 1.99
Acetaldehyde 1.5 x 10~6 3.58
Galacturonic acid 1.7 x 10-2 2.86
Pyruvic acid 1.55 x 10-4 1.24
2,5-Diketogluconic acid 4.4 x 10-4 1.97
2-Ketoglutaric acid 5.55 x 10-4 2.73
Table 4.4 Amount added and equilibrium constant, of
each constituent in the model wine system, with respect
to reaction with sulphur dioxide at pH 3.3 .
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thorough study on the effect of these various species, on 
the levels of free, and bound, sulphur dioxide. They made up 
a model wine system including the sulphite binding species 
shown above (table 4.4)
These workers found the correlation depicted in figure 
4.3 between free and bound sulphur dioxide.
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Figure 4.3 SO2 binding curve of model wine solution.
A = Expected level of free SO2 in wine with 350 mg/1 
initially added SO2
From this figure it may be appreciated how much sulphur 
dioxide is actually bound. Of the 350 mg 1”1 added sulphur 
dioxide less than 10 mg I-* is actually present as free 
sulphur dioxide. In a real wine system there would be a 
greater proportion of unbound sulphur dioxide. This is 
because although the model wine system was made up with 
levels of sulphite binding species that occur naturally in 
wine, these levels do not occur simultaneously in real
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wines.
The effect of packaging upon the sorbic acid-sulphur 
dioxide interaction in cottage cheese was studied. The 
packaging chosen was a glass jar with a screw-top (non air 
permeable) and polythene tub with a 'flip open' top (air 
permeable). From the graphs 4.3 & 4.4 , it may be seen that 
the type of packaging used has a significant effect on the 
rate of degradation of sorbic acid. Degradation of sorbic 
acid is 52 % over a period of 24 days in the sample stored 
in the glass jar, compared to a 50 % loss in sorbic acid 
content in 7 days and an unacceptable 72 % loss in 11 days, 
in the polythene tub.
This increased loss of sorbic acid, stored in the 
polythene tub, may be explained in terms of the mechanism of 
degradation of sorbic acid in contact with oxygen. The 
oxidation of sorbic acid in the presence of oxygen is 
thought to go through the biradical species
CH,— C H -C H -C H =C H —C ^ °
3 ^  * OH
Io
Figure 4.4 Biradical species suggested by Voltz and Rigg*®.
If there is a limited amount of oxygen in the system the 
formation of the above biradical will be the rate 
determining step. This is the case in the cheese sample 
stored in a glass jar. The only oxygen present will be in
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the headspace or dissolved in the cheese. When the cheese is 
placed in the oxygen permeable propylene carton, air is 
virtually uninhibited from entering and reacting with sorbic 
acid present in the system. Therefore the rate of 
degradation of sorbic acid proceeds at a faster rate.
These results are in agreement with those published by 
Vidyasagar and Arya^ on samples of orange juice and fish 
paste in various packaging materials.
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IV.5 CONCLUSIONS
The rate of degradation of sorbic acic, in the presence 
of sulphur dioxide, in real food systems appears to be 
governed by the amount of free sulphur dioxide in the 
system. Any reactions which take free sulphur dioxide from 
the system, will therefore, affect the rate of degradation 
of sorbic acid.
In the systems studied, the following will affect the 
level of free sulphur dioxide in those systems, and 
ultimately the rate of degradation of sorbic acid;
1. the initial amount of added sulphur dioxide,
2 . the amount of sugar (either naturally present or added) ,
3. other sulphur dioxide binding species,
4. the pH of the system,
5. the temperature of processing and storage,
6 . the storage period,
7. packaging material of the system (this affects the amount 
of oxygen available to the system).
8. light.
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MICROBIOLOGICAL BIDDY. QE. 2,4-HEPTADIENOIC ACID. 2.4-
OCTADIENOIC ACID AMD. 4-OXOBUT-2-ENOIC ACID
V .1 INTRODUCTION
The following work arose as a by-product of the study 
of the degradation of sorbic acid. Before embarking on the 
degradation of expensive 0-^c]labelled sorbic acid, it was 
thought that useful supporting* evidence for the proposed degradation 
scheme might arise from an examination of a simple homologue 
of sorbic acid. Hence 2,4-heptadienoic acid was synthesized
as a model for sorbic acid. If when placed in an aqueous
solution with sulphur dioxide and subjected to the same 
conditions of degradation as sorbic acid it broke down in 
the same manner then it should yield fumaraldehydic acid and 
propanal, which in turn would yield fumaric acid and
propanol. The propanol formed would then be expected to 
react with fumaric acid, unreacted 2 ,4-heptadienoic acid and 
the oxidation products of sulphur dioxide to give propyl 
esters. If this were to occur then it would provide valuable 
supporting evidence for the mechanism proposed for sorbic 
acid itself.
The degradation of 2,4-heptadienoic acid in aqueous 
solution with sulphur dioxide was carried out and monitored 
by H.P.L.C. in the same way as for sorbic acid. 2,4-
Heptadienoic acid was found to be more stable towards 
degradation than sorbic acid and a further question arose. 
Does it have any fungicidal activity and if it does how does
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the activity compare to sorbic acid ? Could it be used as a 
substitute for sorbic acid, in systems where degradation of 
the latter is very severe ?
To answer the second question, if 2,4-heptadienoic acid 
has some fungicidal activity it still has obvious 
disadvantages, such as the fact that it is not a naturally 
occurring compound, an important point in an ever 
increasingly food and health conscious society. Sorbic acid 
because of its low toxicity has one of the highest daily 
intake allowances^. It is unlikely that if 2,4-heptadienoic 
acid passed all the microbiological and toxicological tests 
it would be allowed in food in anything like the quantities 
allowed for sorbic acid, merely because it is not naturally 
occurring.
However, food still has to be preserved, and if 2,4- 
heptadienoic acid has some fungicidal activity, it may, with 
further research, be considered as a viable alternative for 
sorbic acid.
The aim of the work in this chapter is to investigate 
the relative stability of 2 ,4-heptadienoic acid with respect 
to sorbic acid and to test the former for fungicidal 
activity. Another compound in the same series, 2,4- 
octadienoic acid is also tested for fungicidal activity.
Fumaraldehydic acid is one of the main degradation 
products of sorbic acid in aqueous solution.2 Sorbic acid is 
known to break down and hence its action as a preservative 
must diminish. Could it be that fumaraldehydic acid has some
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activity as a preservative ? The fungicidal activity of 
fumaraldehydic acid was therefore investigated as well.
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V.2 EXPERIMENTAL
V.2.1 PREPARATION OF 2.4-HEPTADIENOIC ACID3
Concentrated sulphuric acid (12.35 g, 0.126 mol) 
was added dropwise into a flask containing pyridine A.R. 
(15.5 g, 0.189 mol), with stirring and keeping the 
temperature below 50 °C. Calcium malonate (14.91 g, 0.105
mol) and 2-pentenal (5.99 g, 0.081 mol) were added. The 
mixture was heated at 60 °C for 3 hours and then 80 °C for 4 
hours and then left overnight to cool.
30 ml of water were added, the pH adjusted to 3 and the 
mixture filtered. The solid and filtrate were thoroughly
extracted with ether and dried over magnesium sulphate 
overnight.
The next day, the dessicant was filtered, the ether 
evaporated and the residue filtered under reduced pressure. 
The product was a clear liquid (which partially crystallized 
when allowed to stand at 0°C) . B.p. 76 °/0.4 mm Hg.
Microanalysis: Found C 66.64 %, H 7.95 %. Calc, for C7Hio^2: 
C 66.64 %, H 7.99 %.
V.2.2 PREPARATION Q£ 2.4-OCTADIENOIC ACID
The procedure is exactly as that for 2,4-heptadienoic 
acid but using 2-hexenal. The crude acid was recrystallised
from water to yield white crystals. M.p. 75 °C.
Microanalysis. Found C 68.24 %, H 8.66 %. Calc, for CgH^ ^ 1 
C 68.54 %, H 8.63 %.
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V.2.3 DEGRADAIIQfl QE ^4-HEPTADIENQIC ACID
A solution of 1 g/1 2,4-heptadienoic acid and 1.5 g/1 
sulphur dioxide was made up with degassed distilled water. 
The final solution was placed in a stoppered glass bottle 
and put in the degradation chamber.
V.2.4 ANALYSIS OF 2.4tHEPTADIEH0IC ACID
Analysis of the acid was by h.p.l.c using the same 
conditions as those already given for sorbic acid. The 
internal standard used was benzoic acid. A solution of 
sorbic acid and sulphur dioxide, in the same concentrations, 
was degraded in parallel to compare degradation times.
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V.2.6 MICROBIOLOGICAL. STUDY Q£ 2.4-HEPTADIENOTC ACTD. 2.4-
Q-CTADIERQ.IC. ACID ADD 4-OXOBUT-2-ENOIC ACID
a) Pr.ep.aration of. agar plat.es.
42 g of malt extract agar were dissolved in 1 litre of 
distilled water. The solution was transferred to three 250 
ml conical flasks, stoppered with cotton wool and the top 
covered with foil. The flasks were then put in a pressure 
cooker, containing a little water, for 20 minutes. The 
cooker was allowed to stand to cool for 30 minutes. The 
flasks were removed and the hot agar poured into petri 
dishes which were then sterilized by quickly passing a flame 
over the agar. Agar plates containing lg/1 sorbic acid,
lg/1 2 ,4-heptadienoic acid and 2 ,4-octadienoic acid as well 
as a control containing only the agar adjusted to pH 4.5 
were made up.
Notes
1. The pH was adjusted to 4.5 using tartaric acid.
2. In the case when the acid to be tested had to be 
dissolved in the agar it was added before sterilization to 
the right concentration (all the acids used were stable to 
the heat treatment subjected and therefore needed no special 
mild sterilization process)
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V.2.7 STUDY. ID i m STIGAXE ABSOLUTE INHIBITION Q£ GROWTH IN. SOME 
SELECTED FUNGI
Malt extract agar plates adjusted to pH 4.5 were 
inoculated with the fungi given in table 5.1. After growth 
had definitely started (1 to 3 days depending on the fungi) 
wells were made about 5 mm from the edge of the growing 
fungi and a few drops of a 1 g/1 solution of each acid were 
placed in each well. Inhibition would be said to occur if 
the fungi front was stopped from moving forward.
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V . 3 RESULTS AMD. DISCUSSION
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Graph 5.1. Degradation of 2,4-heptadienoic acid and sorbic 
acid in aqueous solution with sulphur dioxide.
From the above graph (Fig. 5.1). The relative 
stabilities of sorbic acid and 2 ,4-heptadienoic acid may be 
appreciated. The conditions and the quantities of reagents 
used were identical and both experiments were run in 
parallel. In 34 days there was a 90 % degradation of sorbic 
acid compared to less than 10 % degradation of 2,4-
heptadienoic acid.
The fungicidal activity of 2,4-heptadienoic acid, 2,4- 
octadienoic acid and fumaraldehydic acid was first tested 
via the hole-in-the-plate method. This involves allowing the 
fungi to grow on the agar plate, after initial inoculation.
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A hole is then made in the agar a few millimetres from the 
edge of growth of the fungi and a few drops of a solution,of 
known concentration, of the compound to be tested are added. 
Inhibition of growth is said to occur if there is a definite 
halt in the advancing fungi front. This method proved to 
give inconclusive results in all cases but one, R. 
Arrherius, where definite inhibition occurred.(Fig. 5.2)
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Figure 5.2. Inhibition of growth of R. Arrherius by 1 g/1 
solutions of Sorbic acid (S.A), Fumaraldehydic acid (F.A), 
2,4-heptadienoic acid (H.A) and 2,4-octadienoic acid (O.A).
The hole in plate method, by its very nature, tests 
only absolute inhibition of growth. A more sensitive and
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more true to life test is that where the compound to be 
tested is actually incorporated into the agar. The plate 
containing the compound is then inoculated and rates of 
growth are then noted. This method proves much more 
sensitive and quantitative. The results are given in table 
5.1.
As may be appreciated from the figures above all the 
compounds tested show definite inhibition of growth ai the 1 
g/1 level..
FUNGI TESTED GROWTH RATE
F.A S.A H.A O.A
Paecylomices N.G N.G N.G N.G
GeotricHium N.G N.G N.G N.G
Aspergillus os’haraccus N.G N.G N.G N.G
P .purpurogenum N.G N.G N.G N.G
F.monilifaoe N.G N.G N.G N.G
P. Prequentaus N.G N.G N.G N.G
R. arrherius N.G N.G N.G N.G
N.G denote s no. visible growt-h.
Table 5.1. Growth of fungi after 4 weeks on malt agar plates 
(adjusted to pH 4.5) containing 1 g/1 of fumaraldehydic acid 
(F.A), sorbic acid (S.A), 2,4-heptadienoic acid (H.A) or
2,4-octadienoic acid (O.A).
The conclusion that may be drawn from this is that
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fumaraldehydic acid could well be acting as a food 
preservative as sorbic acid breaks down.
2 ,4-heptadienoic acid and 2 ,4-octadienoic acid both 
show inhibition of growth. This is promising because, at 
least, 2 ,4-heptadienoic acid is now known to be more stable 
than sorbic acid in aqueous media with sulphur dioxide.
Further research is obviously needed in the case of all 
the compounds needed from the microbiological as well as 
toxicological aspects. None of the compounds tested is ever 
likely to replace sorbic acid as a preservative but with 
further research maybe they could be employed in media where 
severe degradation of sorbic acid occurs.
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